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CHAPTER I. INTRODUCTION TO THE STUDY 
Numeracy and Mathematics Education 
Modern society expects schools to provide an opportunity for all students to become 
mathematically literate, to become capable of extending their mathematical learning in a 
nurturing environment, and to prepare to function as informed citizens in a technological 
society. As society changes, so must its schools. Today, the urgent need to reform science, 
mathematics and technology education curricula has emerged as a megor theme in 
American education. In the next ten years an estimated 70% of all jobs will be related to 
numeracy, computer technology, and/or electronics (Rouse, 1988). Thus, business leaders, 
public officials, and teachers argue that without solid skills in these areas, students will be 
unprepared for even the most routine work (Aronowitz, 1990). 
Paulos (1988) examined the subject of people's discomfort with mathematics. Paulos 
discussed the fundamental notion of number, probability, and mathematical 
misconceptions, inevitably leaving part of the blame at the door of education with what he 
perceives as its seemingly rigid, limited, frozen, mathematics curriculum. Yet the 
National Research Council (1989) stresses that mathematics skills are necessary for 
today's students and issues a dire warning regarding the consequences of innumeracy. 
The National Council of Teachers of Mathematics (NCTM) is a large organization 
representing elementary and high school teachers of mathematics, teacher educators and 
researchers in mathematics education. It serves as a powerful tribune for mathematics 
education and is represented on and influences many national committees and decision 
making groups. In these ways it has an impact both on educational policy and 
mathematics funding in America. 
In the 1970s, strong conservative groups lobbied to move the mathematics curriculum 
"back-to-basics." The NCTM responded by redefining the "basics" in math to include 
everything from problem solving to estimation and statistics. In 1980, the association 
published an Agenda for Action, which placed problem solving at the top of the list for 
change in mathematics teaching. The agenda was not just empty rhetoric; its 
implementation has been suppov,' ; I ia many ways, such as by a regular 'spotlight on 
strategies' feature in mathematics education journals such as the Arithmetic Teacher and 
Mathematics Teacher. 
The 1980s was a time of concern for U.S. educational standards. None of the major 
voices for change in school mathematics urged that the present version of the mathematics 
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curriculum be a requirement for all students. In fact, Everybody Counts, reformist 
advocates of outcome-based education (OBE), even President Bush's America 2000 plan 
spoke broadly in terms of outcomes for high school graduates. There were no particular 
course requirements at specific grade levels. However, the mathematics community 
agreed that the mathematics curriculum in its present form was not essential for a quality 
mathematics education. Whether or not students enter the work force directly after high 
school or continue their studies in higher education, they must be prepared to employ a rich 
variety of mathematical skills in their work. 
In 1989 the NCTM again took the initiative by publishing its Curriculum and 
Evaluation Standards for School Mathematics (Standards), which suggested additional 
cooperative work, a relatively open-ended investigative approach, and a problem-solving 
perspective. Recommendations also included the increased use of teaching aids and the 
physical embodiments of mathematical concepts, as well as the flexible use of calculators 
and computers. 
As full-scale implementation has begun, attention is focused on developing strategies 
that will promote enduring success. The Research Advisory Committee of the NCTM cited 
the need for the "collection of data specifically associated with implementation of the 
Standards regarding the difficulties that are encountered as various segments of the 
mathematics education community interpret the Standards and take steps toward 
implementation" (NCTM Research Advisory Committee, 1988, p. 340). The Research 
Advisory Committee identified six focal areas as conference themes in 1991 and 1992; 
assessment, curriculum change, communication, policy-related issues, representational 
tools and models, and secondary core curriculum. 
Research related to curricular change, the second focal area, considers the effects of 
new curricular content and materials on students and teachers, and the ways in which 
teachers and students shape such changes. The fifth focal area, representational tools and 
models, can appropriately be discussed at all grade levels considered in the Standards. 
Use of models has the potential to change the way in which mathematics instruction is 
viewed. Technology permits thinking about and teaching mathematics in ways not 
previously possible; research is, therefore, necessary not only to examine the effects of 
using technology, but also to examine the effects of its use on how teachers plan and 
organize instruction. 
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A New vision of Mathematics and Science Instruction 
In teaching for science and mathematics literacy, both pedagogical and content area 
knowledge are important. Without the essential content base, teachers will find difficult to 
discuss content and focus students' thinking, and they will have trouble providing the 
appropriate feedback. People who are only well prepared in mathematics and science 
might make predictable mistakes (Shulman & Colbert, 1987). Without knowledge of 
pedagogy, it is difficult to manage a class or make mathematics and science meaningful 
and interesting for students. 
Traditionally, there has been a gap between what was taught in mathematics and 
science and what was really learned. Interpreting and understanding the real world and 
how it relates the personal experience is different from the interpretations and 
understandings advanced in school mathematics and science courses. Typical school 
programs have produced students with increasingly negative attitudes about mathematics 
and science as they progress through the grades. This is especially true when mathematics 
and science courses do not consider needs, interests, motivations or experiences of the 
learners or when the material being covered is not viewed as useful or valuable. 
When teaching children to think scientifically and mathematically, it is important to 
help them to apply their understanding and skills in solving problems, discovering 
relationships, analyzing patterns, generalizing concepts, and using numbers with 
confidence. Incorporating application with collaborative strategies can assist students in 
taking responsibilities for their thoughts as they use higher level thinking skills and build 
inner confidence. Mathematics and science literacy will be enhanced over the long term 
if programs are developed in an environment that emphasizes cooperative learning. 
Following the above trend, a new vision of mathematics to curriculum developers and 
educational policy makers is presented in the book On the Shoulders of Giants by Steen and . 
others (1989). This vision complements the NCTM's Curriculum and Evaluation 
Standards by challenging all to develop a new approach to mathematics and mathematics 
education. The primary premise of the authors is that the classical sequence of arithmetic, 
algebra, geometry, and calculus is inadequate both for modem mathematics and for 
modem society. Woven in this profound book are the foundations of mathematics: 
measurement, graphing, algorithm, pattern, searching, shape, and number. Although 
developing a foundation for the future study of calculus remains a goal of the 9-12 
curriculum for college bound students, equally important is the development of 
prerequisite understanding for further study of this new approach, including statistics, 
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probability, and discrete mathematics. 
These new visions of mathematics education call for a new balance of skills, concepts, 
and application of the curricula traditionally associated with preparation for calculus. 
Instead of devoting large blocks of time to developing a mastery of paper-and-pencil 
manipulative skills, more time and effort should be spent on developing a conceptual 
understanding of key ideas and their applications. 
Technology and the Mathematics Curriculum 
Recently, technological innovations such as calculators and computers have changed 
the way science and mathematics are taught and learned. New models of instruction that 
encourage using technology and collaboration have sprung up to deal as a result of this new 
reality. These new models are presently at a stage where teachers and students must move 
from seeing technology as source of knowledge (coach, drill) to viewing it as a medium or 
forum for communication and an intelligent adventure. Providing for intelligent use of 
technological innovations will require more thinking, problem formulating, 
interpersonal communication skills, and intelligent adventure (Foreman & Putfall, 
1988). 
A substantive knowledge base now exits regarding the social and psychological 
characteristics of how children leam mathematics, science, and technology. However, 
studies indicate that even the experienced teachers are not familiar with this knowledge 
(Carey, Mittman, & Darling-Hadmond, 1989). 
The use of technology in the primary classroom naturally elicits a variety of 
comments, but two views tend to be most frequently voiced. One favors the use of 
technology, specifically of microcomputers, while questioning whether the calculator 
threatens children's learning of the basics, namely, of arithmetic. Hembre (1985) 
summarized and reported the findings of seventy-nine research reports. At only one 
grade level did calculator use appear questionable, whereas at every other level, the use of 
calculator in concert with traditional instruction can improve the average students' basic 
skills with paper and pencil, both in basic operations and in problem solving. Citing the 
added danger of producing socially isolated children obsessed with the lure of 
microcomputers, another group rejected any form of technology in the primary classroom. 
In particular, opposition to the use of calculators in elementary classroom has sometimes 
welled up from fears that students will place blind dependence on a machine for 
developing their basic arithmetic skills. Opposition to the use of symbolic-graphic 
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calculators in secondary schools and even college classrooms will inevitably arise out 
similar fears for students' development of basic algebraic and graphic skills (Dick, 1992). 
Research indicates that both these fears regarding technology are unfounded 
(Clements & Nastasi 1985; Fein, Campbell & Schwartz 1987; Hawkins, Sheigold, Gearhart 
& Berger 1982; Hembree 1986; Suydam 1982, 1987). Technological advances need not 
undermine the goal of early and primary education. Technology can be used to address 
the needs and the potentials of young children. Presented within an environment 
simultaneously supporting the active, social, and emotional needs of primary-aged 
children, technologies such as microcomputers offer a unique approach for enhancing 
academic and creative development in the classroom. This approach also encourages 
perception of the primary mathematics curriculum as an opportunity for investigating 
relationships and solving problems, not simply for perfecting routine arithmetic skills. 
General findings related to the effectiveness of using technology such as computers in 
the capacity of instructional tools indicate that technology stimulates motivation (Lepper, 
1985), can be as effective as or superior to traditional instructional approaches (Kearsley, 
1977; Dence, 1980), and facilitates learning (Murphy & Appel, 1977). The effectiveness of 
computer-based learning has been evaluated by a number of researchers. Meta-analyses 
of these studies indicate that computer-based instruction significantly raises students' 
examination grades, has a moderately positive effect on students' attitudes toward not only 
mathematics but also other subjects, and reduces the amount of time needed for instruction 
(Kulik, Kulik & Cohen, 1980; Kulik & Kulik, 1986). The effectiveness of 
computer-assisted mathematics instruction has also been explored. A synthesis of the 
findings regarding use of computers in the mathematics curriculum reveals that student 
achievement improves significantly when such curriculum is compared with a traditional 
one (Hartley, 1977; Bums & Bozeman, 1981). 
Though general in nature, research indicates that using computer-assisted instruction 
as an adjunct to traditional instruction can benefit students. However, results are far 
from conclusive, and the problems seem to be more a measure of software quality than of 
computer technology's potential and optimal use (Harting, 1983). 
Influence of Technology in Math Education 
Presently, there exists an historically unique opportunity to change the misconception 
that only bright students can engage in interesting mathematics. Now that technology 
reduces the time needed for paper-and-pencil drill and practice, mathematics curricula 
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should focus on: 1) increasing students' ability to deal with open-ended, realistic problems 
rather than with contrived, simplified ones; 2) increasing students' ability to understand 
the many connections between different representations of the same problem; and 3) 
increasing students' appreciation of the utility and the value of mathematics. Technology 
can help students think deeply about mathematics, facilitate generalization, and empower 
students to solve difRcult problems. It can also furnish concrete links between geometry 
and algebra, algebra and statistics, and real world problems situations and associated 
mathematical models. 
The impact of computing on secondary school mathematics has been the subject of 
many recent discussions in the United States as well as in other countries. Lap top 
computers are now common, costing about as much as ten books, while taking up the space 
of one. Herb Wilf (1982) argued that it is only a matter of time before students will carry 
with them a device to perform all the algorithms of high school and undergraduate 
mathematics. 
The confluence of research on learning with symbolic algebra has produced a new 
territory for imaginative pedagogy. Symbolic algebra packages linked to so called "expert 
systems" on computers of sufficient power (with high resolution graphics, mouselike 
pointers, and multiple windows) can provide an effective, intelligent tutor of algebraic 
skills. Computers can manipulate algebraic and numerical expressions better than 
students. Computers cannot, however, recognize a model of word problems, except in the 
narrowest sense and then only by matching templates to canonical forms. 
Technologies such as tool software, which include word processors, data base 
managers, and spreadsheets, can assist teachers in planning lessons and computing 
student grades. Simonson and Thompson (1990) suggested that these uses are only the first 
step whereas the most far reaching benefits of these technologies will come from the 
expansion of classroom walls. Electronic connections will enable teachers to collaborate 
with each other, mentor less-experienced teachers, access student information, and 
respond to students' individual learning styles. 
Educational Change Models 
The U.S. educational system often uses top-down or outside-in models for change. 
That is, an outside person (administrator, consultant, subject-matter specialist, or 
principal investigator) instructs the inside people (teachers, faculty) in how to change. 
Research on models used to bring about changes in instruction has focused on teacher 
7 
adoption of innovations developed by others (Hall, George & Rutherford, 1979; Bluhm & 
Kisner, 1988; Stein & Wan, 1988). Yet, it seems evident from several case studies that 
teachers need to be involved Arom the very onset of a project that will propose changes in 
their own practice. These changes, therefore, should address teachers' concerns (Hall & 
Loucks, 1978). Whether teachers are involved in innovation or adopt a new program, their 
attitudes and perceptions are the cornerstone of change (Creamer & Creamer, 1988; Bluhm 
& Kisner, 1988). 
Some of the most significant research of teachers' attitudes and concerns in 
educational change was conducted in the early 1970s by the Procedures for Adopting 
Educational Innovations (PÂEI) Program at the Research and Development Center for 
Teacher Education at the University of Texas at Austin. The result of a four-year study by 
the PAEI was the Concern Based Adoption Model (CBAM): a conceptualization of the way 
in which the concerns of the individual teachers change as teachers become familiar with 
and more involved with new programs, processes, or educational practices in their schools 
(Hall, Wallace & Dosset, 1973). The model consists of three diagnostic dimensions that 
have been identified and verified through research; (a) Stages of Concern (SoC); (b) Levels 
of Use (LoU), and (c) Innovation Configuration (IC). Whereas the SoC dimension 
describes "how teachers or others perceive an innovation and how they feel about it" (Hall 
& Hord, 1987, p. 13), the LoU dimension describes "what a teacher is doing or not doing in 
relation to the innovation" (Hall & Hord, 1987, p. 14). The IC dimension deals "directly 
with characteristics of the innovation and what use means when the innovation is the 
frame of reference" (Hall & Hord, 1987, p. 108). 
Pagan (1991) provided a valuable discussion of some recent educational change 
models, which provides a basis for the current study. Fagan presented an historical 
overview of the CBAM model, emphasizing the SoC dimension of the model, specifically 
teachers' concerns regarding mathematics curricular reform studies. 
Conclusions drawn from this research were as follows: 
1. Secondary math teachers in Iowa Council of Teachers of Mathematics have 
concerns regarding the implementation of the Standards; these concerns included 
those about the impact of such implementation. 
2. Concerns correlated significantly with the demogi-aphic variables, with variables 
of participation in organizations and conferences, and with journal reading. 
3. Significant correlations were also found between Standards variables (knowledge, 
copy of the Standards, self-rated perception, knowledge, etc.) and philosophical 
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consistency variables (active learning and cooperative learning). 
4. SoC best predictors: self-rated perception of content knowledge, presentations at 
conferences, size of school district, and involvement in curricular development. 
Pagan's study included three recommendations; 
1. Conduct a similar study with all secondary math teachers in Iowa, or with all 
elementary and middle school teachers. 
2. Make changes in the questionnaire. 
3. Conduct a two- or three-year study using the LoU dimension of the CBAM model 
to focus on what teachers are doing in the classroom relative to the Standards, in 
short, to determine the attitudes, opinions, and concerns of teachers so as to 
prescribe appropriate interventions. 
Statement of the Problem 
Studies of effective implementation of a curricular change emphasize that success 
depends upon teachers' value of, belief in, and concern for success. Teachers can make 
lasting change happen (Hall & Hord, 1987; Lieberman & Miller, 1981). From the CBAM 
perspective, an innovation cannot be said to be "institutionalized" until teachers' 
informational, personal and management concerns (SoC) are at relatively low levels of 
intensity, and at a Routine Level of Use or above. 
Yet very little data or research exists regarding mathematics curricular reform and 
the change process. A m^or factor is lack of large-scale math curricular reform projects 
since the 1960s (Fagan, 1991). Learning from the mistakes of the New Math reform 
movement, the contemporary mathematics-education community strives to identify 
strategies that will increase the probability of a successful and enduring implementation 
of the Standards. 
Currently, there exist many anecdotal accounts of the effects of the Standards on 
mathematics education (Crosswhite, Dossey, & Frey, 1989; Curcio, 1990; Demana & 
Waits, 1990; Fisher, 1990). One of the few research studies is the work of Fagan, whose 
main purpose was to identify the categories of the stages of concern that secondary math 
teachpro have regarding implementation of the Standards. The final chapter of her 
dissertation recommended that a study be conducted over two or three years that uses 
another dimension of the CBAM model, namely LoU, to focus on what teachers are doing in 
the classroom relative to the Standards. Because SoC and LoU are useful tools in the 
guidance and monitoring change efforts, these two dimensions should unfold in the 
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direction and sequence that past research suggests. 
Moreover, as the literature review indicates, few studies have investigated the LoU 
dimension as it relates to implementation of an innovation specifically, of the Standards 
and demographic characteristics such as size of school district, educational background or 
participation in professional organizations. 
Purpose of the Study 
The purpose of the study is two-fold. The first is to identify, in part, the LoU regarding 
implementation of the Standards among secondary mathematics teachers. The second is 
to investigate the existence of a relationship between the LoU of these math teachers and the 
teacher data variables: 1) demographic (e.g., gender, teacher experience in mathematics, 
educational background in mathematics, and/or membership in mathematics education 
organizations); 2) philosophical consistency with the Standards', and 3) type and usual use 
of computer technologies related to the Standards. Finally, this study attempts to determine 
whether demographic variables can predict the LoUs among secondary math teachers 
regarding the Standards. 
Research Questions 
Four research questions to be investigated in this study include; 
1. What is the tentative LoU among secondary math teachers implementing the 
Standards? 
2. What are the uses of computer technologies related to implementing the Standards? 
3. Is there a relationship between the LoU and selected teadier characteristics? 
4. Can selected characteristics predict the LoU among secondary math teachers 
implementing the Standards? 
Limitations of the Study 
This study is limited to a sample of 198 mathematics teachers. Randomly-selected 
Iowa teachers fi-om grades 9-12 participated. 
The limitations of the conclns^nns reached in this study are as follows: 
1. Results were extrapolated from a sample. 
2. A data collection instrument was used, that had undergone only limited testing for 
reliability, bias, and content validity. 
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Assumptions of the Study 
Various assumptions have been made in this study: 
1. The Standards document is an educational innovation. 
2. Subjects will truthfully identify and report their perceptions and preferences; 
accuracy will therefore depend up their ability to recall facts and to state 
beliefs. 
3. The sample selected reflects the population. 
4. The factors included in the data collection are appropriate. 
5. The Concern-Based Adoption Model is appropriate for investigating and analyze 
the levels of use among secondary mathematics teachers implementing the 
Standards, 
Definitions of Terms 
For the purpose of this study, the following terms are defined: 
Concems-Baaed Adoption Model (CBAMV. A conceptualization of the way in which 
concerns of individual teachers change as teachers become familiar and involved in new 
programs or processes (Hord, 1979). The model consists of three diagnostic dimensions: 
Stage of Concern (SoC), Levels of Use (LoU), and Innovation Configurations (IC). 
Mathematics education organization: A local, state, or national organization, the goals of 
which are to promote and to encourage active interest in mathematics and its teaching and 
to work towards the improvement of mathematics education, e.g., the Iowa Council of 
Teachers of Mathematics (ICTM) and the National Council of Teachers of Mathematics 
(NCTM). 
Mathematics teacher: Any person whose primary teaching assignment is mathematics in 
grades K-12 at a public or a private, state-accredited institution. 
Technological tools: Calculators, computers, videotapes, videodisks, laserdisks (CD-
ROM), expert systems, networks, and the like. These devices can perform calculations, 
manipulate symbols, solve equations, graph, create tables, measure, store data, 
manipulate data, illustrate, simulate models, and interact with students. 
Levels of Use (LoU): One of the diagnostic dimensions of the CHAM; it describes "what a 
teacher is doing or not doing in relation to the innovation" (Hall & Hord, 1987, p. 14), and 
can be characterized as non-user, orientation, preparation, mechanical use, routine use, 
refinement, integration, or renewal. 
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The following definitions refer to the LoU. These definitions are taken from The LoU 
Chart: Operational Definitions of Levels of Use of the Innovation (University of Texas, 
1975). 
The Levels of Use of the Innovation 
Level 0 Non-user: State in which the user has little or no knowledge of the innovation, no 
involvement with the innovation, and is doing nothing towards becoming involved. 
Level Orientation: State in which the user has recently acquired or is acquiring 
information about the innovation and/or has recently explored or is exploring its value 
orientation and its demands upon and user system. 
Level II Preparation: State in which the user is preparing for first use of the innovation. 
Level III Mechanical Use: State in which the user focuses most effort on the short-term, 
day-to-day use of the innovation, with little time for reflection. Changes in use are made 
more to meet user needs than clients needs. The user is primarily engaged in a stepwise 
attempt to master the task required to use the innovation, often resulting in disjointed and 
superficial use. 
Level IVA Routine: State in which use of the innovation is stabilized. Few if any changes 
are being made in ongoing use. Little preparation or thought is being given to improving 
use or its consequences. 
Level rVB Refinement: State in which the user varies the use of the innovation to increase 
the impact on clients within the immediate sphere of influence. Variations are based on 
knowledge of both short and long term consequences for clients. 
Level V Integration: State in which the user is combining own efforts to use the innovation 
with related activities of colleagues to achieve a collective impact on clients within a 
common sphere of influence. 
Level VII Renewal: State in which the user reevaluates the quality of use of the innovation, 
seeks m^or modifications of or alternatives to present innovation to achieve increased 
impact on clients, examines new developments in the field, and explores new goals for self 
and system. 
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CHAPTER II. REVIEW OF THE LITERATURE 
Introduction 
The purpose of this chapter is to present a review of the literature on topics of current 
interest in the area of mathematics education, use of technology and educational change 
models. 
This review of literature begins with a brief discussion of concerns on numeracy and 
mathematics education. The second section presents the overview of a new vision and a 
plan for change in mathematics instruction and assessment with special reference to the 
Curriculum and Evaluation Standards for Mathematics Education. The next section 
reviews the way the technology has influenced mathematics itself, some ways in which the 
technology would be used to improve mathematics teaching and learning, a work 
summary and basic conclusions on research in mathematics education related to the use of 
technology. The fînal section of the review is a discussion of several models of change that 
support the importance of considering teachers' perceptions and practices in the 
educational change process. An overview of the Concerns-Based Adoption Model (CBAM) 
with specific emphasis on the Levels of Use (LoU) dimension is also in the final section. 
Concerns on Numeracy and Mathematics Education 
In the book Innumeracv Paulos (1988), a mathematics professor at Temple University, 
pointed out that innumeracy means the "inability to deal comfortably with the 
fundamental notions of number and chance." Paulos provided statements of people who 
project some kind of "perverse pride in mathematics ignorance" and flaunt it publicly. 
"Math is my worst subject" and "I'm not a numbers person" are two of the more familiar 
boasts. 
Paulos also cited innocent statements made by ordinary people illustrating their 
innumeracy. There are various examples. One is a misunderstanding of probability 
when a person avoids traveling by plane because of terrorist activity. Another is the 
misuse of percentages by adding a 50% chance of rain on both Saturday and Sunday 
and concluding there is 100% chance of rain for the weekend. Another aspect is the 
mystique that involves very large and very small numbers. "Large" and "small" are, of 
course, relative, but in general the notion of million, billion, and trillion are 
incomprehensible to the innumerate. 
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In the final section of the book Paulos discussed probable origins of innumeracy. An 
inevitable part of the blame is thrown at the door of education. For all the lip service given 
to the richness of mathematics education; the educational curriculum is rigid, limited and 
frozen. The teaching of mathematics is almost exclusively deductive. Teaching 
inductively violates one the best kept practices teachers have about the curriculum, that is it 
takes too much time and "we must cover the material." Paulos pointed out that not only 
has the material been covered, it has also been buried (1988). 
Another source reviewed was Evervbodv Counts, a preface to studies done for the 
National Research Council by several groups concerned with the state of mathematics 
education in the United States. At the beginning of this report there are statements about 
how mathematics is necessary for today's students, also cited are common warnings about 
the dire consequences of not becoming fluent in mathematics, e.g., "75% of all jobs require 
proficiency in simple algebra and geometry." There is, fortunately, the admission that 
mathematics is not the only deficient skill, and that "reading is even more fundamental 
as a basis for learning and for life." 
Recent studies have pointed out that the vast numbers of illiterate people hidden in the 
United Sates. Possible explanations are given, such as a) students drop out of mathematics 
by the second or third year of secondary school, and the vast majority of them never meet 
mathematics formally for the rest of their lives; and b) the number of degrees awarded in 
mathematics is infinitesimal and public attitudes and perceptions of mathematical 
learning are mostly myths. The report also discussed familiar issues: a) the dropout rate; 
the growth of minorities in the public schools systems of the country; b) the myths of women 
learning mathematics; c) and the negative influences of teenage pregnancy on learning. 
Sprinkled throughout the report are sidebars delineating myths about mathematics 
education. An example is that the, "early use of calculators will prevent children from 
learning facts of arithmetic". Unfortunately, the public and some educators still believe 
despite the results of many national reports, studies, and research since late 1970s and 
early 1980s recommending substantive change in the scool mathematics curriculum, all 
recommending the use of calculators. Changing the curriculum of mathematics will be 
difficult because these myths are hard to dispell. 
A major recommendation made in Evervbodv Counts is that students should study 
mathematics each year they are in school. In addition, reformist advocates of outcome-
based education (OBE) recommended that such performance outcomes as effective problem 
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solving and communication replace seat time as the requirements for graduation while 
traditionalist voices call for accountability in terms of improved test scores. 
The National Assessment of Educational Progress (NAEP) has been monitoring the 
educational status of American students for more than twenty years. Its 1990 assessment 
of mathematics achievement involved the testing of stratifîed-random-sample of 26,000 
fourth, eighth, and twelve grade students in 1300 public and private schools. The scope of 
NAEP's 1990 mathematics assessment included proficiency in mathematics, the use of 
calculators and computers, curricular emphases in content areas, and the relationship 
between mathematics achievement and topics such as television watching. The report also 
contained both data and analysis that show how the participation and achievement in 
mathematics education in the United States have not been satisfactory. Fewer than 50 
percent of the students in high schools take more than one mathematics course unless more 
courses are required. 
There has been little improvement in the averages of total American samples on the 
NAEP tests, or on the Scholastic Aptitude Test (SAT). American students scored 
substantialy below students from several other countries on the second international 
Mathematics Study (SIMS) tests (Mathematics Education Digest, 1988). Business and 
industry reports and remedial courses in mathematics at the postsecondary levels of 
education provide further evidence that many students do not develop satisfactory 
knowledge and skills for using mathematics. 
As a result of these reports and other data, parents, school staff, state legislators, 
governors, and business and industry are calling for higher student achievement and 
changes in schools mathemtics programs. More assessment and accountability programs 
at local, state, and national levels are also recommended to guide program improvement, 
lead to improved achievement, and identify variables that relate to effective programs 
(Mathematics Educational Digest, 1990). 
New visions of mathematics and numeracy 
A new vision of numeracy for the next century is provided in the book On the Shoulders 
of Giants: New Approaches to Numeracv by the Mathematical Sciences Education. It 
contains six essays by renown educators; "Patterns" (editor), "Dimension" by T. 
Banchoff, "Quantity" by J. Fey, "Uncertainty" by D. Moore), "Shape" by M. Senechal, and 
"Change" by I. Stewart. 
Each essay carefully develops its topics from concrete experiences through formal 
presentations and then moves on to the abstract. Common assumptions by the authors 
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include: 1) by the time an idea is presented formally the student should have had sufficient 
concrete experiences with the concept so that the formal presentation is obvious; 2) the 
student is a blank slate and brings to class a range of opinions, everyday experiences, 
understandings, and misconceptions regarding mathematics and science which must be 
addressed in class; and 3) the new capabilities and accessibility of computers have 
changed the way that mathematics is used, mathematics is understood, mathematics is 
needed, and the way that mathematics is taught must change. 
Mere ability to calculate quickly and accurately will suffice neither for the citizen who 
needs to understand the daily newspaper nor for the person who wants to participate in 
mathematics or science on any occupational level. The need for thorough understanding 
is indispensable. 
A concern expressed in this book is whether or not the ideas in the book really will be 
implemented in the classroom. There was no explicit reminder that this book's definition 
of numeracy involves "insight", which takes considerable time to develop. Such insight 
cannot be taught for mastery, tested after fifteen weeks, and graded. The authors have 
exercised the luxury of an overview of their topic, developed from kindergarten through 
college. Nevertheless, the authors not only skillfully presented their ideals, but they 
explained them in ways that teachers of all levels can implement. Curriculum is 
developed through appealing everyday problems, using tools from manipulatives through 
computers without sacrificing clear, deductive, rigorous thinking found in traditional 
mathematics education. The authors examined and encouraged explicit development of a 
wide variety of numeracy tools, including observing, visualizing, recognizing patterns, 
describing, drawing, representing information in various ways, modeling and symbol 
sense. The reader is left with the feeling that if mathematics educators really want to 
change, they can, because this approach incorporates appeal for students, instructors, and 
society. The reader is left with the fear that without change, schools will not provide 
students the education they deserve. 
Change ElEforts in Mathematics Education 
Educators are being challenged to make fundamental changes in mathematics 
instruction and in schools themselves (Goodlad, 1984; National Council of Teachers of 
Mathematics, 1989; National Research Council, 1989; National Science Board, 1983). The 
difficulties of achieving and sustaining educational change and curriculum reform, 
however, have been well documented. Fullan (1982) for example, stated, "There is no need 
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to dwell on the fact that the vast majority of curriculum development and other educational 
change adoptions in the 1960s and 1970s did not get implemented in practice, even where 
implementation was desired." The current reform effort started in 1983 with the 
publication of Educating Americans for the 21st centurv (National Science Board 1983). 
Since then many dedicated teachers have made changes in their classrooms. Yet the 
overall approach to mathematics instruction remains much the same. It "continues to be 
dominated by teachers explanations, chalkboard presentations, and reliance on textbooks 
and workbooks. More innovative forms of instruction such as those involving small 
group activities, laboratory work, and special projects remain disappointingly rare" 
(Dossey, Mullis, Lindquist, & Chambers (1988). Fundamental change in mathematics 
instruction will require new professional development strategies, ones that address 
schools as an interconnected whole and provide emotional as well as intellectual support to 
teachers (Mumme & Weissglass, 1991). General conclusions and unresolved issues 
related to these changes in mathematics education are summarized below. 
Change is gradual 
Teachers need time to comprehend the proposed changes in mathematics instruction. 
Most teachers were taught mathematics by rote in competitive, teacher-centered 
classrooms. Valuing mathematics processes rather than memorizing facts and 
algorithms, and promoting cooperative, student-centered learning experience is new to 
them. Once they understand this view of mathematics learning, then they have to 
integrate it with their own teaching. It takes three years for teachers to only begin to 
transform what happens in their classrooms. Secondary teachers are slower to adapt a 
constructivist approach. Five or ten years is a more realistic time frame for achieving 
fundamental reform; and even then, there will be new changes to face (Mumme & 
Weissglass, 1991). 
Change is complex 
Many factors at the school district and state level interact to affect mathematics 
education; for example, everyone, including board members and district administrators, 
must have some understanding of the proposed changes. Having the approval of the 
district administration is not enough. Time and resources must be undertaken to gain 
their understanding not only of the nature of mathematics, but also of the change process 
(Cronin, 1990). 
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Change in mathematics instruction is delayed bv other factors 
Some of the most important factors that adversely affect teachers' ability to bring about 
change are as follows: 
a) Testing: Proficiency tests, standardized tests, and other commercially prepared tests 
all affect teacher and student perceptions of what is valued in the curriculum (Neill & 
Medina, 1989). 
b) Materials: The dependence on textbooks and the unavailability of adequate alternative 
curriculum materials limit teachers' abilities to implement changes in the mathematics 
classroom (NCTM, 1989). 
c) Continua: A sequential listing of topics and skills often inhibits teachers' abilities to 
think about mathematics as an integrated whole or allow students to experience its full 
breadth (NCTM, 1989). 
d) University entrance requirements: A perceived need to cover the curriculum to meet the 
university requirements creates pressure in secondary schools to maintain the status quo. 
e) Behavioristic teaching models: Wide-spread models of teaching based on behavioristic 
principles dominate many school environments. The inconsistencies between the 
constructivist approach and the models are not always readily apparent to the promoters or 
practitioners of behavioristic approach. Yet assumptions about learners and learning, 
which exist at the very core of behavioristic models, are contradictory to the goal of 
empowering learners (Weissglass, 1990). 
f) Models of classroom discipline: Empowering students in mathematics require creating 
a total learning environment that respects the learner and builds upon intrinsic 
motivation for learning. Popular models of classroom discipline that are based on 
behavioristic reward and punishment practices interfere with developing a constructivist 
approach in the learning environment (Cobb, 1986). 
g) Educators' attitudes: Teachers', administrators', and school board willingness to 
change mathematics instruction is affected by sexism, racism, and attitudes about 
learning; the role of school in the society; and the need for change (Oakes, 1985). 
Although it is easy to be skeptical, there is some reason for optimism. Mathematics 
educators are expending considerable effort toward developing policies (NCTM 1989, 
National Research Council 1989) that incorporate elements of a constructivist approach to 
mathematics learning. Curricular materials are being developed to implement this 
philosophy. There is an increasing resistance to behavioristic model for teaching 
(Confrey, 1986) and classroom discipline (Gartrell, 1987), as well as to standardized 
testing (National Association for the Education of Young Children, 1988; Neil & Medina 
1989). The negative effects of tracking are being documented (Oakes, 1985). There is an 
increasing awareness of the importance of addressing educators attitudes and beliefs in 
change efforts (Fullan 1982, Hall & Hall 1988, Weissglass 1990). 
An overview of the Curriculum and Evaluation Standards for Mathematics Education 
Recently, the National Council of Teachers of Mathematics (NCTM) responded to the 
call for reform with a document detailing a vision of the way mathematics should be taught 
and learned. Curriculum and Evaluation Standards for School Mathematics (NCTM, 
1989) highlighted two goals critical to mathematics literacy; (a) student success in problem 
solving, and (b) the development of the belief in students that they have mathematical 
power. It was further stated that, "This autonomy develops as children gain confidence in 
their ability to reason and justify their thinking" (p. 29). 
One mfgor problem in students' achievement in mathematics is the inability to 
perform tasks involving higher level thinking skills which are developed through the 
flexibility of the independent learning behaviors. Students who are bounded by a rigid 
dependence on rules and authority lack the skill needed to creatively address new 
mathematical situations or the irregularities of real world problems. How teachers 
encourage autonomous learning is an enduring educational issue (Karp, 1991). Fennema 
and Peterson (1985) summarized, "in order to perform high-level mathematical tasks one 
must be independent. One must choose to work on such task and persist until the task is 
satisfactorily completed" (p. 29). 
The document. Curriculum and Evaluation Standards for School Mathematics^ 
contains a set of standards for judging mathematics curricula and for evaluating the 
quality of the curriculum and student achievement. It represents the consensus of 
NCTM's members about the fundamental content that should be included in the school 
mathematics curriculum. Inherent in the Standards is the belief that all students need to 
leam more, and often different, mathematics. 
Technology Use and Mathematics Education 
New computer learning environments 
New programming environments such as the Apple Macintosh's "Hypertalk," 
"HyperCard" and L.C.S.I's "LogoWriter," provide easily learned user control over not 
only text but also graphs, sound, image, laser disk, CD-ROM data, and video, as well as the 
opportunity to create and try out small procedures and stack together the ones that work. 
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Using these interactive programming languages feels more like creative design than the 
repetitive mathematical coding required by progrramming in the old days (Wiburg, 1989). 
The availability of these new educational environments suggests a new vision for 
educational computing beyond the traditional framework. Perhaps an even more 
profound implication is their potential impact on learning by allowing users simultaneous 
control over multiple media and the use of these environments to expand and enhance 
human cognitive abilities. Dede (1987) called this idea of intelligence amplification 
applications "cognition enhancers" and suggested that they include hypermedia, 
empowering environments, and microworlds. 
Hypermedia provide new ways of thinking about the world that may be superior to 
previous linear representations of symbols (graphics, text, images, sound). Eisner (1982), 
in a series of lectures on the "cognitive curriculum," wrote about the potential positive 
impact on student cognitive abilities when students work with multiple representations of 
concepts. In this computer controlled environment, a student would research the life and 
work of famous mathematicians with freedom to choose the sequence, type, and amount of 
information he/she wishes to investigate. 
Empowering environments are computer tools to handle the routine mechanics of a 
task while the person can focus in its higher order meanings. These tools include word 
processors, data base managers, spreadsheets, and graphic programs. 
Examples of subject matter specific empowering environments are the computer 
programs Mathematica, Derive, MAÇSYMA, and Maple which were developed teaching 
advanced high school and early college mathematics. The programs are tool kits that 
enable teachers and students to perform basic calculus operations, use commands similar 
to "mathematical notation" that permit students to easily form functions and their 
derivatives, solve for roots of equations, and obtain numerical and graphical output 
(Mathews, 1991). 
Microworlds allow the user to explore and manipulate limited artificial realities. 
This environment encourages exploration, creativity, and discovery. The Logo 
programming language is an example of microworld. From a survey of the Logo 
literature one gets the impression that the geometrical objects describable by "Pure Turtle 
Procedures" (PTPs) are limited mainly to regular polygons and some variations. This is 
indeed the case if one uses only elementary mathematics, but with more advanced tools 
such as trigonometric functions, derivatives and graphical integration most standard 
functions can be described by relatively simple PTPs (Armon, U. & Leron, U., 1991). 
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An overview of research of computers in mathematics education. K-12 
For this review a publication date of 1980 or later was used; in theory, this limited the 
research to approximately 1979 or later. Mathematics has been the predominant subject 
area in whidi computers are used although word-processing and other applications are 
rapidly overtaking mathematical uses. The amount of commercial software for 
mathematics instruction is rapidly growing. For the past five years, this software was 
developed primarily for arithmetic, with an emphasis on drill-and-practice programs. 
Recently, however, more and more of the software is designed to supplement and extend 
topics in the curriculum rather than merely provide drill and practice. In particular, the 
kind of software on problem solving recommended by the National Council of Teachers of 
Mathematics and other educational groups, combined with less-than-positive data from 
state, national, and international assessments, underlines the need to improve problem-
solving skills (Suydam, 1987). 
Mathematics and computer anxietv Three studies examined the relationships 
among computer anxiety, or mathematics anxiety, and sex differences. Hadfîeld, 
Oakley, Maddux, Clebome, and Hart (1989) found that Logo instruction did not have a 
significant effect on the mathematics anxiety of 59 eight-grade general mathematics 
students. Gressard and Loyd (1987) investigated the effects of mathematics anxiety and 
sex differences on computer attitudes. The results of the study indicated that math anxiety 
may be small but was, nevertheless, an important factor in the high computer anxiety and 
low computer confidence and/or linking of some junior high, high school, and college 
students. Another finding of interest was that there is no significant difference between 
males and females regarding computer anxiety. 
Programming and problem solving Studies on the effect of teaching computer 
programming are varied in their findings. Three recent studies examined the 
relationship between mathematical problem solving and computer programming. Blume 
and Schoen (1988) studied the mathematical problem solving performance of eight 
programmers and eight nonprogrammers. They found that programmers used systematic 
trial more frequently and checked for and corrected more errors in their potential solution 
that did nonprogrammers. They suggested that an explanation of differences may be the 
transfer of the process used in computer programming to solving mathematical problems. 
However, programmers and nonprogrammers did not differ in the use of planning 
process, frequency, or effectiveness of use of variables and equations or number of correct 
responses. McCoy and Burton (1988) found similar results in a study of the relationship 
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between computer programming and secondary mathematics that, "after programming 
instruction, both Ability to Use Mathematics Variables and Mathematical Problem 
Solving Ability scores were significantly improved" (p. 165). A third study by MaCoy and 
Dodi (1989) also found that experience with computer programming increased problem-
solving achievement in mathematics. 
Damarin, Dziak, Stull, and Whiteman (1988) investigated the effect of computer 
instruction in estimation on 108 high school mathematics students. The sample included 
two ninth-grade general math classes, two tenth-grade algebra I classes, and one twelfth-
grade geometry and trigonometry class. There were significant increases in students' 
abilities to solve estimation problems as a result of using computer based instructional 
materials. The increase occurred in all grades and all courses. 
Attitudes Most, but not all, like to work with computers. Elementary students who use 
microcomputer for mathematics drill and practice and some programming daily for a 
semester are strongly positive toward microcomputer use. The children believe that 
microcomputers will improve education, that all students should learn about them, and that 
boys and girls, at all ability levels, are equally interested in them (Kahn, 1985). Positive 
correlations between attitudes toward computers and attitudes toward mathematics have 
been found (MacGregor, 1985). Prior computer experience may have a greater impact on 
attitude toward computer than do other factors. If an experience with a computer has been 
interesting, students want to do more with them (Dence,1986). 
Summary of research on calculators use. K-12 
In the last ten years over 200 research studies have focused on the effect of calculators, 
especially on whether or not their use harms mathematics achievement in elementary 
school. The results have been remarkably consistent in showing that, "calculator use does 
not appear to affect achievement adversely" (Driscoll, 1981; Hembree & Dessart, 1986). In 
fact, not only were no measurable ill effects observed, but classroom research demostrated 
that the calculator is powerful teaching and learning tool. The evidence also concluded 
that the use of calculators reaps many non cognitive benefits. For example, research 
suggested that students exhibit more enthusiasm and confidence in problem solving when 
calculators are available. Students using calculators also have a more positive attitude 
toward mathematics and demonstrate a greater persistence in solving problems. 
Furthermore, these students not only recognize that the same problem has different 
calculator solutions but are more willing to seek alternative solutions. 
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As early as 1975 the National Advisory Committee on Mathematics (NACOME) urged 
that calculators be used in mathematics instruction (1975). Five years later the National 
Council of Teachers of Mathematics recommended that, "mathematics programs must 
take full advantage of calculators and computers at all grade levels" (NCTM, 1980). The 
NCTM's Curriculum and Evaluation Standards for School Mathematics (1989) expected 
that students will use calculators. However, the Standards do not describe the functionality 
of the calculator to be used in grades K-4. For all grades 5-8, they state that students should 
have a calculator that includes; a) algebraic logic including order of operations; 
b) computation in decimal and common fractions form; c) constant function for addition, 
subtraction, multiplication, and division; and d) memory, percent, square root, exponent, 
reciprocal, and positive and negative sign keys. 
This recommendation was reaffirmed by the NCTM (1986) in a position statement 
Calculators in the Mathematics Classroom with a further call, "that publishers, authors, 
and tests writers integrate the use of calculators into their mathematics materials at all 
levels '. Despite the strength of these recommendations, some have expressed a strong 
disagreement with the idea of using calculators in the elementary classroom. A strong 
critic of these, Saxon (1987), who is probably best known for writing and promotion of a 
series of alternative high school mathematics texts. In an article entitled: "Classroom 
Calculators Add to Illiteracy" which appeared on the editorial page of the Wall Street 
Journal (May 16,1986), Saxon pointed out that the arduous paper-and-pencil practice is 
necessary to develop the mental skills for arithmetic. The students will resist doing this if 
calculators are approved and they will not be able to estimate. Saxon disagreed with the 
decision of the NCTM to encourage the use of calculators in elementary school because of 
strong belief that the use of calculators at the elementary school level will cause great 
damage to many children and provide only marginal benefits to a few. 
On the other hand, a growing body of research on calculators use revealed two mtgor 
findings. The first is that, although students are able to complete an average of only ten 
problems in a class period without calculators, with calculators they complete twenty-five 
or more problems in a class period. Secondly, research has indicated that calculators have 
no diminishing effect on test scores but often result in significant improvement of test 
scores (Wiebe, 1987). 
A proposed position statement on symbolic calculator in the mathematics classroom 
As a result of an extended review of the literature on calculator use, it is recommended 
that all students use symbolic calculators to: 
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1. concentrate on the problem solving process rather than on the symbolic calculations 
associated with problems; 
2. gain access to mathematics beyond the students' level of symbolic computational 
skills; 
3. explore, develop, and reinforce concepts including estimation, computation, 
approximation and properties; 
4. experiment with mathematical ideas and discover patterns; and 
5. perform those tedious symbolic computations that arise when working with real data in 
problem-solving situations. 
Educational Change Process 
In the past twenty years, there has been continuing growth in the research base on what 
constitutes effective teaching (Brophy, 1983), what school-wide factors promote effective 
learning (Bickel, 1983), and why school change efforts succeed or fail (Crandall & 
Loukcs, 1983). Among the consistent findings of research in these and related areas is that 
teachers play a central role in effective implementation of school change and that there is a 
need to provide training support for teachers who are involved in the implementation of 
school improvement programs. 
Despite the fact that conventional wisdom and research data have pointed to teachers 
and teacher training as a key ingredients of school improvement, data on teacher 
characteristics associated with success in implementing innovative program is sparse. 
Particularly lacking is information on the demographic and philosophical consistency 
factors supporting change efforts, including how and why innovative programs are 
adopted and maintained by teachers. This is one of the contexts for building a data base on 
teachers characteristics associated with success in implementing innovative schooling 
practices that this study was designed. 
An underlying premise of this kind of study is that the mEyority of teachers, if provided 
with sufficient training and administrative support, are able to acquire the knowledge and 
skills required to implement most innovative educational practices. Research suggests, 
for example, that teadiers with adequate training, are able to implement a variety of 
innovative programs (Wang, Vaughan, & Dytman, 1985), Nevertheless, research also 
suggests that teacher proficiency in implementing an innovative practice does not 
necessarily lead to successful institutionalization of the practices in teachers' classrooms 
(Dufty & Roehler,1986; Fullan, 1982). In other words, initial mastery does not garantee a 
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lasting teacher change. It has been suggested that additional teacher and school related 
factors and characteristics may influence the continued use of innovation in the 
classroom. Although conjectures abound regarding what those factors and characteristics 
might be, the research base which is important to answer this whole question is lacking 
(Stein & Wang, 1988). 
Hence, a future research agenda, and one focus of this study is to identify and describe 
the factors related to teachers' characteristics to acquire and consistently use the 
knowledge and criteria which are necessary for the successful implementation and 
maintenance of school improvement programs. 
Teachers' characteristics as factors in the change process 
Two of the m^'or contributions to the research on change and the role of teachers in the 
change process were made by Lewin and the Rand Corporation in the 1970s. A summary of 
their findings was described by Pagan (1991). Basically, Le win's emphasis was on the 
importance of first attending to the present emotional state of the individuals involved in a 
change. The Rand study regarded the effectiveness of teachers who focused on strategies of 
adoption of an innovative program. 
Recent articles have supported the importance of examining a wide range of variables 
such as trainee perceptions of self-efficacy and the perceived value of the innovation to be 
implemented (Stein & Wang, 1988); knowledge, self concept, and clinical skills (Guskey, 
1988); and levels of administration support and follow-up assistance (Ingvarson & 
MacKenzie, 1988). A significant issue raised is the extent to which inservice education 
strategies will result in a real and lasting change in professional practice or subsequent in 
student outcome (Joyce & Showers, 1988). These articles indicate that multiple variables 
contribute to effective change, and more research is needed to examine the contribution of 
each, 
A literature review by Fagan (1991) points out that research supports the existence of 
differential intrinsic and extrinsic teacher demographics that affect individual ability to 
implement an innovation. Fullan and Promfret (1977) categorized characteristics of the 
adopting unit, including the role of individual staff characteristics, as factors influencing 
the implementation of an innovation. They clarified that, although their research review 
did not measure or report a relationship between background characteristics and 
implementation, it is inferred by Crowther (1972) and Luckas & Wohlleb (1973) that "not 
all teachers have the same propensity to implement any given information" (cited in 
Fullan & Promfret, 1977, p. 385). This inference is supported in the results of several 
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studies conducted to establish a relationship between teacher characteristics and adoption-
pronesses/innovativenees. For this study, teacher characteristics are identified as 
demographic characteristics, participation in professional organizations, prior 
involvement with the innovation, and philosophical consistency with the innovation. 
Demo^anhic characteristics Fullan and Promfet ( 1977) reported that although 
results of studies by Crowther (1972) and Evans and Sheflfler (1974) indicated that, "age and 
level of education per se do not appear to relate to effective implementation..., Luckas and 
Wohlleb (1973) suggested that these relationships should be tested" (p. 385). The levels of 
education were found to be positively related to innovativeness by Pierce (1981), and Carr 
(1985). Carr also found that the highest degree held to be the statistically significant 
predictor of innovativeness. 
Oscaron and Finch (1979) found a positive relationship between years of 
experience/teacher age and adoption-proneness and innovativeness. In contrast, the 
Rand Study (Berman & McLaughlin, 1978) and Pierce (1981) showed that a person's 
willingness to change was negatively affected by age. Kozuch (1979) pointed out that prior 
attempts at an innovation can delay teachers' attempts at organizational change. 
Another variable found in previous research is the school size in which the respondent 
teaches. Puch and McTee (1979) found a negative correlation between school size and 
teachers' attitudes toward change. They found that teachers in large schools tend to oppose 
change more than teachers in small schools. 
Participation in professional organizations Among the consistent research findings 
in these and related areas is the existence of methods and activities that are most 
influential in determining the acceptance and use of an educational innovation. Oscaron 
and Finch (1979) found predictor variables and the combination of those variables that 
tended to best predict adoption-proneness. The independent variables identified as 
predictors were teacher age, number of years of teaching, level of educational 
achievement, recency of professional organizations, professional publications read on 
monthly basis, and membership in professional organizations. 
In other studies, a positive relationship was also found between involvement in 
professional organizations and willingness to change. Tye (1981) and Carr (1985) foiaid a 
relationship between innovateness and willingness to change with membership in 
professional organizations. Additionally, Punch and McTee (1979) found that teachers 
who were identified as innovators attended conferences and workshop and had published 
articles in professional journals. 
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Philosophical consistency with the innovation Research studies have suggested there 
is a positive correlation between teachers' commitment to acquire and consistently use 
knowledge, and their attitude toward an innovation. Results of a study by Puch and McTee 
(1979) found that teachers who have acquired a sound of knowledge about the innovation 
tend to support the implementation effort more than less knowledgeable teachers. 
Summary The review of the literature supports the existence of a relationship between 
certain teachers characteristics and adoption pronesess/innovateveness. Results of 
pertinent research indicate a relationship between teachers' background characteristics 
and implementation. Also, the best predictors are years of experience, highest educational 
degree, educational background, involvement in professional organizations, and prior 
knowledge of the innovation. These teachers' variables have been selected for this study of 
factors that influence the use and perception of secondary mathematics teachers have 
regarding implementation of the Standards. 
Educational Change Models and Curriculum Implementation 
As was pointed out in Chapter I, in recent years the topic of educational change has been 
the subject of an increasing number of research studies. In the past, many studies of 
educational change were conducted basically for the purpose of evaluating program 
outcomes, but very few were done to systematically evaluate the degree of implementation 
at the classroom level. From these evaluation studies, it became clear that numerous 
change efforts had failed to produce the outcomes they had predicted (Rutherford & George, 
1980). 
Also, educational change has used top-down dissemination and implementation of the 
programs. The assumption was that an outside person (professional expert or consultant) 
instructs the teachers how to change. The research of Lightfoot (1983), and Sirotnik and 
Clark (1988) identified how the teacher's crucial role and the power of decisions in 
educational change are becoming increasingly accepted. These findings suggest that an 
inside-out model for change may more effective. Some of the principles for successful 
change have been identified as; 
1. Lasting change occurs if teachers are the change agents in an inside-out model of 
change (Heckman, Oakes, & Sirotnik, 1983; Kolb & Berenson, 1990). 
2. Outside people must believe in the inside people and should not force their ideas on 
the group (Kolb & Berenson, 1990; Peters & Waterman, 1984). 
3. Change takes place over a five to 10 year period (Peters & Waterman). 
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4. Groups of five to seven professional work best for change projects (Kolb & 
Berenson, 1990; Peters & Waterman, 1984), 
5. Change agents need assistance and support to become innovators (Kolb & 
Berenson, 1990; Peters & Waterman, 1984). 
Teachers are the key to any improvement effort. A great number of strategies which 
focus on their individuals needs have been developed in recent years. Teachers are still 
part of a variety of social systems, e.g., schools, schools districts and society in general, 
each system has its goals and expectations. In this sense, staff development would focus on 
teachers' individualities and needs without losing sight of the goals of the system as a 
whole. Few models have been found which provide responses to this ambiguous situation 
(Miller & Wolf, 1978). 
In the early 1970s, research at the Texas R&D Center has focused on developing one 
such model. The Concerns-Based Adoption Model, or CBAM (Hall, Wallace, & Dosset, 
1973) considered the teacher as the critical unit of analysis instead of focusing on 
institutions in a study of the change process. Developed initially to conceptualize teachers' 
needs and uses of different change programs, the model has recently been applied to 
planning and monitoring implementation efforts in several schools, school districts, and 
university settings. 
The CBAM assumes that change is not an event that occurs at one point in time, but is a 
process that occurs over time. This process which is called innovation implementation, 
is individualistic. Each person individually decides how to use the innovation and 
decisions regarding the extent and manner of use is also individually made(George 
&Rutherford, 1980). The model is based on three megor dimensions; a) Stages of Concern 
About the Innovation (SoC); b) the Levels of Use of the Innovation; and c) Innovation 
Configurations (IC). 
The first msgor dimension, SoC, describes seven kinds of concerns that individuals 
experience at various times in the change process. These range from early concerns about 
"self (How the innovation affect me?), to concerns about "task" (How can I best manage 
the innovation), and finally, to concerns about "impact" (How does the innovation affect 
ui'j students?). Reliable and valid instruments for measuring Stages of Concern, as well 
as methods for interpreting data, have been developed (Hall, George & Rutherford, 1977). 
The second major dimension is Levels of Use of the Innovation (LoU). Eight levels 
have been identified that describe how performance changes as an individual becomes 
more familiar with an innovation and more skillful in using it. An individual begins 
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with "nonuse" of the innovation, then moves to "orientation" about the innovation, and 
"preparation" for first use. Initial use is usually "mechanical", but as experience with the 
innovation increases, users can move into "routine" pattern of use. Individuals then may 
"refîne" their use of the innovation, "integrate" their refinements with those of their 
colleagues, or "renew" their use, based on assessment of the impact of the innovation on 
clients or students. The definitions of each Level of Use are presented in Chapter I, and a 
discussion about Levels of Use in relation to an innovation, especially curriculum 
implementation is summarized below. 
The third dimension, Innovation Configuration (IC) (Hall & Loucks, 1978) describe 
and measure the various operational forms of the innovation that result as individuals 
adapt it for use in their particular situation. An Innovation Configuration is determined 
by identifying the components a user selects, the variations within the components and the 
organization of the components. 
Cwrriwium implementation and levels of use 
An ERIC search indicated that the writings of Leithwood and Montgomery (1982) and of 
Fullan and Park (1981) are pre-eminent in the field of curriculum implementation theory 
and applied research. The work of these authors, together with that of Hall (1975), were 
reviewed in coi\junction with the conceptualization and design of the teacher survey 
methodology. Fullan and Park's (1981) definition of curriculum implementation was 
adapted for this study as follows: 
Implementation consists (or may consist) of alterations from existing practice to 
some new revised practice (potentially involving materials, teaching, and 
beliefs) in order to achieve certain desired student learning outcomes. 
Dow and Whitehead's report. New Perspectives on Curriculum Implementation: A 
survey of Teacher. Principal and Consultant/Coordinator Concerns (1981), provides useful 
information regarding support systems needed to overcome m^'or barriers to 
implementation as perceived by teachers. This information was valuable during the 
development of data-collecting instruments for this teacher survey study. 
Curriculum implementation Information yielded by the study was expected to be 
useful not only in describing the present status of implementation of the Standards, but also 
in examining how the 
Standards are read and interpreted by teachers and in developing valid survey questions 
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of use eventually in interview and observation approaches to the measurement of levels of 
curriculum implementation. Another expected benefit was the establishment of baseline 
data for assessing future change in LoU over time. 
Implementation success Increasingly, factors related to implementation are being 
considered in planning, facilitating and evaluating change efforts. Simply placing the 
innovation in the hands of prospective users and then conducting pre/post tests of 
differences in client outcomes no 
longer makes sense (Charters & Jones, 1973). Change is a process, not an event. This 
assertion is true of institutions as well as the individuals members who comprises them. 
Use of dichotomy in a change process will mean employing different Levels of Use (Hall, 
Loucks, Rutherford & Newlove, 1976). 
At this point it is important to identify the factors involved in successful 
implementation. Three diagnostics dimensions of the CBAM model provide the concepts 
and measures for defining implementation success. In the CBAM approach 
Implementation Success (IS) is related to use/nonuse, appropriate/inappropriate wd user 
concerns about the innovation. The basic model is: 
IS = f (LoU, IC, SoC) 
LoU is Levels of Use of the Innovation, IC is Innovation Configurations and SoC is 
Stages of Concern about the Innovation. Each of these vectors represent established 
concepts and measures for considering basic dimensions of implementation as its occurs 
at the user level. With these dimensions it is possible to obtain systematic data about each 
person's use of and concerns about an innovation for each of three dimensions. 
Studies correlating teacher dernggraphic and levels of «se 
George and Rutherford (1978), in studies of relationships between Stages of Concern 
and Levels of Use, found that a predictive relationship exits between the innovation 
adopter's concerns about the innovation and use of it. Change in use seems to be 
anticipated by a change in concerns. 
In keeping with their purpose of studying variables that influence the individual 
decisions teachers make regarding change, they have also collected data on individual 
teacher's decision that they think, and the change literature suggests, may influence 
teachers' decisions about change. Included in the teacher variables are the following: 
level (elementary, secondary, higher education), sex, age, years of teaching, years at 
current schools, years in present role, training in use of the innovation, and experience 
using the innovation. In their study a comparison of demographic variables for two rather 
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different groups of teachers implementing very different types of innovation yielded very 
few significant findings, such as years of teaching. These findings were not only limited 
in number but were so diverse in nature as to confront any overall grouping or 
classification. In this sense, George and Rutherford concluded that only a few 
demographic variables investigated in their two studies had little relationship with 
innovation implementation, 
Huling, (1983), in the Principal-Teacher Interaction Study to assess implementation 
success across nine elementary schools in Colorado, Florida, and California, found that 
the most significant correlation with Level of Use was principal Change Facilitator style. 
This correlation indicated that the more that the study principals functioned as an 
Initiator, the higher a Level of Use. The second most significant dealt with interventions 
being targeted at teachers in subgroups as opposed to teachers as individuals or as a whole 
staff. This correlation suggests that working with teachers in specialized subgroups was 
associated with higher Levels of Use. 
The literature review noted the Fagan dissertation, "An analysis of concern of 
secondary mathematics teachers in the implementation of the Curriculum and Evaluation 
Standards for School Mathematics." (1991) is one of the few studies that investigated the 
existence of a relationship between the stages of concern regarding the implementation of 
an innovation and demographic characteristics such as size of the school district and 
educational background or participation in professional organizations. The study also 
yielded supporting results for the existence of a relationship between teachers' stages of 
concern and knowledge of the concept and philosophy of the innovation (the Standards). A 
summary of the main findings of this study are in Chapter I. 
Summary 
The literature search produced many interesting research articles which pertain 
directly to research on teachers' concerns, practices, perceptions concerning curriculum 
implementation, but very few research studies that investigated the relationship between 
the levels of use regarding implementation of an innovation and demographic 
characteristics such as size of school district and educational background or participation 
in educational organizations. The search also revealed only one study on mathematics 
curriculum reform and the change process. Therefore, there is a need for the present study 
of an analysis of teachers' perception and use of the current mathematics curriculum 
reform project. 
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CHAPTER III. RESEARCH METHODS 
To answer the research questions posed in Chapter I and to accomplish the purpose of 
this study, this chapter describes the research method, factors and parameters employed in 
the data collection and the subsequent analyses. It contains the following sections: 1) 
Research Design; 2) Instrument; 3) Levels of Use and Interviewing Procedures; 4) Data 
Analysis; and 5) Summary. 
Research Design 
Survey research methodology and techniques were used for collecting data elicited 
from mathematics teachers in Iowa. According to Borg and Gall (1983) a survey research 
design requires the systematic collection of data from all teachers, done by random 
sampling. Descriptions of the sample distribution over single variables can be obtained 
from the survey method, as well as from the establishment of relationship between two or 
more variables. 
Survey research has distinct advantages for the researcher, and therefore, survey 
research has a history of use for educators to describe and explore relationships, collect 
standardized information in a sample drawn from predetermined population at a single 
point in time, allow across sectional applications, and improve the efficiency of data 
collection (Borg & Gall, 1983). Survey research design, however, has disadvantages when 
compared to experimental design, particularly the inability to determine causality. 
The survey research design was selected for collecting the data in this study. The 
selection of survey methodology was based upon the following; (1) the need to collect data 
information on opinions, attitudes, perception and practices; (2) the need to effectively 
contact a large population and (3) the information sought was not available from any other 
source and had to be acquired directly from the respondents. 
From the outset of the study, some educators and researchers were conscious of the 
number of fundamental questions pertaining to this data-collecting methodology. These 
had been raised through a review of literature and through early discussions with people 
involved in CBAM research using its LoU dimension. The mtyor issues had to do with the 
validity of the self-report procedure in general, advantages and disadvantages, and 
specifically with the appropriateness of the levels-of-use scale for each dimension used in 
this study and adapted from the Hall and Loukcs profile chart. That the self report has a 
lower degree of validity than interview and particularly, observation methods issuported 
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by other research (Hall, 1975). 
Questions/issues regarding the self-report method 
Since the survey of teadiers' LoU in this study relies mostly upon the self-report 
questionnaire, the issue of validity had to be addressed in the methodology. Several 
studies were consulted to support and to address the validity of using a teacher self-report 
procedure in assessing LoU. The first issue considered was the appropriateness of Hall 
and Loucks (1975) LoU scale. According to Moore (1986), the LoU scale is equally 
appropriate for abstract dimensions such as philosophy and for concrete dimensions such 
as teaching methodology. Clearly, the current study can begin to explore the implication of 
these issues for future curriculum implementation research drawn from the LoU 
conceptual model. The teacher questionnaire and interview responses are intended to 
provide both objective and subjective data concerning the validity of the self-report 
instrument and the practical relevance of a profile chart, from the classroom teacher 
perspective. 
The second issue considered was the need to test the validity of the self-report 
questionnaire that implied the surveys be followed by at least some interviews, if not 
classroom observations. It must be emphasized that the researcher has recognized the cross 
validating potential of using observations with questionnaires. Although the ideal of 
systematic classroom observations requires trained observers, reliability checks, and 
random rotation of observers in classrooms over an extended period of time, such 
undertakings are well beyond this study's resources and scope. Thus, a decision was 
made to restrict the validation process and to use of a very small number of follow-up 
teacher interviews as it has been done in other research studies (Moore, Shawn, Klene, 
Linda, Barrows, et al., 1986). In those studies the researchers did a follow upon 
approximately 5 percent of the sample. 
Sample selection 
Data were gathered from a stratified random sample of secondary mathematics 
teachers in Iowa by using a mail questionnaire. The Iowa Department of Education 
provided the names and addresses of teachers from Iowa schools during the 1991-92 
academic year. The random sample from this list was drawn in the Statistical Laboratory 
at Iowa State University. This sample was designed so that the researcher would be able 
to have proportional representations from Area Education Agencies, grade level (junior 
high, high school) and school district size. A representative sample of 320 mathematics 




This study used a questionnaire developed by the researcher. After reviewing the 
literature, the investigator determined that there were more than 20 topics that were 
identified as main characteristics in the scope of this study. These aspects and topics were 
grouped into four major categories according to the purpose and the objectives of the study: 
1) demographic information for assessing teachers' degree, experience, gender, age, 
school, participation level, and content knowledge of the Standards; 2) general 
perceptions, opinions and practices in terms of mathematics curriculum philosophy, 
technology use, applications in mathematics education and mathematics instruction 
consistent with the Standards; 3) The type and usual use of technological tools: 
calculators, computers, hypermedia, networks, and expert systems; and 4) The LoU 
dimension among mathematics teachers implementing the Standards. 
Once these research areas were identified, the investigator surveyed a variety of 
sources to create questionnaire items. The sources included: a) an extensive number of 
journals articles, reviews, and other types of literature concerning mathematics education 
and technology, trends in mathematics curricular reform, and development of the 
Standards, b) questionnaires currently in use; and c) informal interviews with teachers, 
instructors, researchers and others. 
Before conducting a pilot study, the questionnaire items were evaluated by several Iowa 
mathematics educators, including Drs. W. Rudolph, R. Thomas, and J. Mathews of Iowa 
State University; Dr. G. Foletta of the University of Iowa; Dr. P. Fagan of Drake 
University; Ch. Arevalo and D. Gettys of the Des Moines Community School System; and 
D. Blair of Green Valley Area Education Agency 14. All were involved with math 
education, the Standards, technology use, and mathematics curricula. Specific comments 
have been noted, and appropriate revisions made to improve content validity as suggested 
by Borg and Gall (1983). 
A pretest, or pilot study was conducted during the spring and summer of 1992. A sample 
population of twelve mathematics teachers, six from the elementary level and six from the 
secondary level who were working for either Ames or Des Moines Area Community 
Schools, served as subjects. Their information and suggestions were considered during 
the drafting of final version of the questionnaire. 
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Pilot studies 
Two pretests, or pilot studies, were conducted during Summer and Fall, 1992. Two 
findings from these pretests resulted in modifications and additions to the questionnaire. 
One concerned some minor changes in the instrument itself. The questionnaire was first 
administered to a sample population of 12 mathematics teachers, four from elementary level 
and eight firom the secondary level who were working for either Ames or Des Moines Area 
Community Schools, who served as subjects. The teachers indicated that some of the words 
in the test items of LoU section such as "innovation," "method," and "approach," were to 
vague and suggested they be replaced with the phrase "the Standards. " After consulting with 
members of the CBAM project and ISU faculty staff, it was agreed that "innovation" and 
similar words could be replaced with "the Standards" without adversely affecting the 
validity of the questionnaire. The revised questionnaire was administered to a sample 
population of eight mathematics teachers from secondary level who were working for either 
Ames, Marshalltown or Fort-Dodge Area Community Schools. The favorable feedback 
received from the teachers suggested that replacing the word "innovation" with "the 
Standards" increased the clarity of the test items. 
A substantial number of teachers also indicated confusion over wording of the following 
items of LoU section: 
I'm using the Standards with related activities of colleagues. 
I don't see in the near future my learning anything about the Standards. I have 
too many other things to do. 
I've been talking with other departments about reorganizing our program 
structure so that the Standards can be better incorporated across the entire 
system. 
Although the instructions to the questionnaire indicated that the respondent should circle 
"0" for items that seem irrelevant, it was suggested that leaving the items in their present 
form might result in a loss of valuable information and adversely affect the instrument's 
validity. 
As a result, the following minor changes in wording were made: 
I'm using the Standards in coordination with other teachers. 
I don't see in the near future my learning anything about the Standards. 




The survey instrument consisted of four sections. The first, demographic 
information, was adapted largely from the instrument of Pagan's dissertation (1991). The 
purpose of the demographic information section was to gather data regarding respondents' 
years of experience teaching mathematics and their post-secondary educational 
background in mathematics or mathematics education. Data was also gathered on the 
respondents' level of professional participation which was comprised membership in 
professional associations, journals read, conferences attended, articles published, 
presentations made at conferences, also maitaining familiarity with the general content 
of the Standards. 
The second section of the survey, Philosophy in Mathematics Curriculum and 
Technology Use, consisted of soliciting responses 21 items on a strongly agree/strongly 
disagree 5-point likert scale. The purpose of these statements was to determine perceptions, 
attitudes, and opinions regarding philosophical consistency with the Standards in 
mathematics curriculum and technology use in mathematics education and mathematics 
instruction at secondary level. The first six items related to new visions of numeracy, 
mathematics education, and mathematics curriculum emphasis. The next four items 
related to the ways in which the algebra curriculum should be refocused according to the 
recommendations in the Standards. The next three items related to the ways in which to 
refocus traditional approaches to mathematics teaching. Four items related to the use of 
computer technology in connection to algebra, geometry, and statistics. The last five items 
related to the use of graphing calculators. Items comprising this section were adapted from 
several books and journal articles (Berenson & Stiff, 1990/91; Demana & Waits, 1990; 
Newwark, 1991; Simonson & Thompson, 1990; Technology Advisory Committee, 1987; 
Thompson & Rathmell, 1988; Rovan 1990; Kathlen, 1990; Jockussch & McLoughhlin, 1990; 
Mandinach & Linn, 1986). Items were kept as close to the original statements and the 
recommendations of the Standards as possible so that the meaning would not change. 
The third section, Type and Usual Use of Technological Tools, consisted of soliciting 
responses from 15 items on a unfamiliar/quite often 5-point likert scale. The purpose for 
this section was to obtain information about the type and the frequency of use of 
technological tools such as calculators, computers, hypermedia, networks, and expert 
systems. This section was developed to take into account the common classification 
systems used to organize educational computing; a) Type use (e.g., tutorial, drill & 
practice); b) Taylor, Thomas & Boysen, Dede & Brown classifications (Tools e.g., word 
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processor, data base, spreadsheet, graphics; Empowering environments e.g., 
Mathematica, Derive; Hypermedia e.g., HyperCard; Microworld e.g., Logo; and 
Programming languages e.g., Basic, Pascal & Logo. The items were developed 
primarily from Demana &Waits (1990) and from Berenson & Stiff (1990/91). In addition 
the items were developed from the narratives in the articles in which they were written and 
kept as close to the original statements as possible so that the meaning would not change. 
The fourth section. Levels of Use of the Standards, consisted of soliciting responses 
from 25 items on a nonuse/renewal use 7-point likert scale. The purpose of this section was 
to make a partial assessment of the state of innovation of the users, i.e., of what users were 
doing during the innovation-adoption process of the Standards. The section was developed 
according to the definitions published by the Research and Development Center for 
Teacher Education, University of Texas (1975) and those developed by Loucks, Newlove 
and Hall (1976). Items were compiled from focused interviews and entail common 
responses of school and college teachers, whose responses ranged from a lack of 
knowledge that an innovation exists to an active, sophisticated and highly effective use of 
it or an active search for a superseding innovation. The descriptions in the items show two 
aspects; a) they provide a "feel" for the for the kinds of activities persons at each LoU 
demonstrate, and b) they illustrate the kinds of information that help to determine each 
level. Each of the eight levels of use are represented by three items, except the level of use 
four, which has four items (see Appendix). 
The fifth section, related to mathematics teaching in a particular class, consisted of 
soliciting responses from 14 items on a no emphasis/ very heavy emphasis 6-point likert 
scale. The purpose of this section was to investigate patterns of the teachers' plans for a 
math class for the entire course. How much emphasis each of the objectives will be given 
on a list (see Appendix). 
Finally, the sixth section consisted of four open-ended questions and comments that 
teachers could make related to the Standards, in general, and to the questionnaire. The 
items in this last section were also used in the teacher informal interview to gain 
additional information, deeper understanding, and to test the validity of the instrument. 
Survey procedure 
The survey was mailed on November 15,1992, to teachers selected in the sample 
population. There was a two-weeks responsetime followed by a postcard mailed as a 
reminder. All questionnaires were coded to enable the researcher to determine which 
teachers had responded. 
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As it was pointed out at the beginning of the methodology, the need to test the validity of 
the self-report questionnaires dictated that the surveys be followed by at least some 
interviews, if not classroom observations. However, because of the importance of the 
restricting this study to the description and exploration of levels of use and because of tight 
deadlines, the decision was made to restrict this validation process to a very small number 
of twenty follow up teacher interviews. 
Survey response 
A total of 213 survey responses were received from 320 secondary mathematics teachers 
who were sent the questionnaire. Two of the respondents did not complete the Levels of Use 
section of the questionnaire and some respondents, for example, used a pattern of responses 
for all items. However, 198 questionnaires were coded and included in this data analysis. 
The response rate was 66.50% with a usable response of 61.87%. 
Levels of Use Interview and Interviewing Procedures 
For the purpose of validating the self-report questionnaire method of collecting data, a 
sub-sample of 20 teachers (10% of the sample) was selected from those who had 
returned a questionnaire. Interviews were then conducted using an interview format 
based on the. self-report questionnaire form completed previously by the teachers, with a 
focus on the Levels-of-Use section of the questionnaire. 
The purpose of the interview, although seemingly redundant, enabled the researcher to 
determine the validity of the instrument. Also, the following particular issues regarding 
the validity of the instruments were probed during the course of the teacher interviews: 
(a) Did the teachers experience any differenceCs) in the process of completion of the 
questionnaire independently compared to completion in the presence of an 
interviewer? 
(b) What factors were considered by a teacher when he/she was deciding on LoU? 
(c) Did some factor(s) (e.g., a unit topic) weigh more heavily than others in LoU 
placement? 
Teachers interviewed 
A sub-samp?i) of twenty teachers who had completed questionnaires were stratified and 
proportionally selected for follow-up interviews from each of the levels pre-determined by 
the LoU written survey population (Grades 9-12). 
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The LoU informal interview 
The LoU interview had one principal objective; to gather enough information from an 
individual about his/her use of an innovation for the purpose of assigning a Level of Use. 
Information about the individual's score or rank in terms of the Decision Points provided 
the basis for making an overall LoU rating. 
The typical LoU interview first asked questions based on the Decision Points to narrow 
down possible Levels of Use at which the individual may be. Figure 1 illustrates this 
branching format. Responses to the questions in the boxes indicated at which LoU's a 
individual may be and which were improbable, eventually narrowing down to the one most 
likely LoU. The first question, "Are you using the Standards?" separates the nonusers (LoU 
0 - II) from the users (LoU III - VI). If the interviewee responded "no," it was then necessary 
to decide between LoU 0,1 and II. The question, "Have you decided to use it?" which reflects 
Decision Point B, determines whether or not the individual was at LoU II. If the response 
was "no", then the next question, "Are you looking for any information about the 
StandardsT (Decision point A) helped to determine whether the individual is an LoU 0 or 
LoU I. The branching for LoU III-IV similarly helps to determine at which "use" the LoU 
the interviewee was. (adapted from Branching Format of LoU Interview, Loucks, 
Newlove & Hall, 1975). 
The chart and the formal interview, developed by Hall & Loucks (1975), are essential 
tools for research and quantitative evaluation studies; but this procedures requires 
training and certification. People who seek information for the purpose of guiding the 
implementation of change, on the other hand, can use a combination of observations, 
written surveys, an informal questions to get the information needed to determine the 
Levels of Use. 
The descriptions in the informal interview along with comments and notes offer two 
things: they provide a "feel" for the kind of behaviors teachers at each LoU demonstrate, and 
they illustrate the kinds of information that help determine each level. Excerpts from the 
informal interview, comments and notes are presented in Chapter IV and in the Appendix. 
Questions and probes 
Figure 2 provides a list of questions that should be asked in the interview. It is 
important to stress that from the first question the order of questions asked depended upon 
what information had been given previously by the interviewee. If answers to questions 
not yet asked were given spontaneously, those answers should be acknowledged, followed 
by a question asking if the user wants to add anything along the same line. 
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Have you decided to 
use it and set a date 
to beging use? 
Are you currently 
looking for informa­
tion about the 
Standards? 
Are you using 
the Standards? 
YES 
LoU HI, IVA 
IVB, V, VI 
What kind of changes 
are you making in 









Are you coordinating 
your use of the 
Standards with other 
users, including an­
other not in your 
original group of 
users? 
NO 
LoU IVB, VI 
YES 
LoU V, VI 
Are you planning on 
exploring new ways 
to implement the 
Standards? Do you 
think NCTM should 
review the Standards? 
rvB VI V 
Note: Adapted from Mesuring Levels of Use of the Innovation: A Manual for Trainers, 
Interviewers, and Raters by S. F. Loucks, B. W. Newlove, and G. E. Hall, Texas: 
The Research and Development Center for Teacher Education, 1975. 





Are you using the Standards'} 1 To distinguish users and 
1 nonusers; to break LoU O-II from 
1 LoU III-VI 
IF YES 
What do you see as the strengths 1 To explore knowledge of the 
and weaknesses of the Standards 1 Standards 
in your situation? 1 
1 1 
Are you currently looking for any 1 To probe acquiring information 
information about the Standards? 1 about the Standards 
What kind? For what purpose? 1 
1 
Do you ever talk with others about 1 To explore sharing of the Standards 
the Standards? What do you tell them? 1 
1 1 
What do you see as being the effects of the 1 To explore assessing the Standards 
Standards? In what way have you 1 
determined this? 1 
1 1 
Have you made any change recently in 1 To distinguish between LoU III 
how you use the Standards ? What? Why? 1 (user-oriented changes), LoU IVB 
How recently? Are you considering 1 (student-oriented changes), 
making any changes? 1 LoU A (no or routine changes); 




Are you working with others (other than 1 To separate LoU V from III, IVA 
any one you may have worked with from the 1 and IVB. If a positive response 
the beginning) in your use of ÛieStandards? 1 is given, LoU probes (below) are 
Have you made any changes in your use of 1 used 
the Standards based on this coordination? 1 
\ 1 
Are you considering or planning to make 1 To separate LoU VI from III, IVA, 
major modifications or to replace the 1 rVB and V 
Standards at this time? 1 
1 1 
LoUV Probes 
How do you work together? 1 
How frequently? 1 
1 
Are you looking for any particular kind of 1 
information in relation to this 1 
collaboration? 1 
1 
When you talk to others about your 1 
collaboration, what do you share with them? 1 
1 




Have you made any decision to use the 
Standards in the future? If so, when? 
To separate LoU 0 from I; 
to separate LoU I from II 
Can you describe the Standards for me 1 
as you see it? I 
To explore knowledge of the 
Standards 
Are you currently looking for any 
information about the Standards'} 
What kind ? For what purposes? 
To probe acquiring information 
about the Standards 
Do you ever talk with others and share 
information about the Standardsl 
What do you share? 
To explore sharing the Standards 
Figure 2. (Continued) 
LoU interview-test validity 
Â face validity test of this section was undertaken by sending it to three faculty staff in 
Iowa who have been involved in CBAM research: Dr. L. Glass at Iowa State University, 
Dr. P. Fagan at Drake University and Dr. J. Montgomery at Marshalltown Community 
Schools. 
All three of the participants suggested basically same change which related to the last 
branching question to determine, the highest level of use. The feedback received from the 
faculty suggested that replacing the phrase "m^or modifications" in the original 
interview with "creative ways to meet the Standards ' or "developing approach to meet the 
Standards" should increase the clarity and the profitability of this question. 
Much of the considerations appears to stem from the fact that the NCTM's Standards 
represents, for most part, a framework and a plan for change for a balanced mathematics 
curricula. For this reason it does not make much sense to talk in terms of how one might be 
"making major modifications" of the Standards, or how one might be changing the 
Standards. 
Finally, an issue to procédé with caution was raised by some educators and 
researchers, this is probably due to the highly complex nature of the Standards which 
presents fifty-four standards divided among four categories; a) grades K-4; b) 5-8; c) 9-12; 
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and evaluation. The four categories are arbitrary in that they are not intended to reflect 
school structure; in fact, the NCTM authors encouraged teachers to consider these as K-12 
standards. Because the Standards is a wide-ranging innovation, many schools begin with 
low level transitional programs that eventually evolve into more advanced programs as 
better trained teachers, staff, more materials, technology, etc., become available. 
One implication of this problem relates to "innovation bundles" such as individually 
guided education, competency-based teacher education or the Standards, where several 
innovations are combined into "one" innovation. In CHAM research, problems have been 
found in attempting to specify exactly what comprises a single innovation and these 
specific LoU's may or may not be the same for all of the component of the innovations. 
Managing and studying the adoption of these innovation bundles becomes more difficult 
and complicated than it is for a specific innovation such, as using the graphing calculators 
or changing from one textbook to another (Loucks, Newlove & Hall, 1975). 
Data Analysis 
The data were collected and stored in files using the central computer facilities of Iowa 
State University and the Statistical Package for the Social Sciences (SPSS). The 
statistical procedures and tests planned for this study included: a) descriptive statistics; 
frequency, mean, z scores and standard deviation; b) reliability; c) factor analysis, c) 
correlations and d) multiple regression analysis. 
Descriptive statistics 
Frequency counts, percentages, means, and standard deviations were obtained for all 
items in the data collection instrument. The frequency means and standards deviations 
provide general information on teachers, their opinions, attitudes, perceptions, practices 
on mathematics education, on the Standards, and use of technology, respectively. 
Figure 3 shows items as related to the Levels of Use section, each of the eight levels of 
use are represented by three items except the level of use four, which has four items (see 
Appendix). 
Reliability studies indicate high internal consistency coefficients (0.82 to 0.91 for level 
subscales) and test-retest correlations (0.75 to 0.91). Evidence offered in support of the 
validity of this LoU section includes: (a) high item correlation with the level to which the 
item was assigned (71% of the items correlated more highly with the level to which they had 




















Figure 3. Composite items for each level of use 
subscales as the distance between them increases, supporting the hypothesized level 
subscale; and (c) factor analysis data provided partial support for the independence of the 
level subscales. 
The data from the LoU section were analyzed using SPSS and Statview programs to 
compute a raw scale score for each level, convert each raw scale score into z-score, produce 
box-plots of respondents' levels of use, and describe the relative position or level for each 
respondent. 
Box-and-whisker diagrams were made to describe the levels of use for all respondents 
as they are a compact, informative way of summarizing data. These diagrams employ the 
median, the standard deviation, and the range. 
Box plot example A box plot is based on several summary measures; the median, 25th 
percentile, the 75th percentile, and the range. The box plots used in this study are based 
upon the work of William Cleveland and differ from Tukey's box and whisker plots in the 
manner in which outliers are plotted. An example of a math test is numerically described, 
and three percentiles ranks (25, 50, 75) are discussed as well as the information they 
provided. The box plot example is presented in Figure 4. 
The top of the box represents the 75th percentile, a score value of 21. The bottom of the box 
represents the 25th percentile, a score value of 14. The middle 50% of the score values are 
contained within the span defined by the boundaries of the box. The line within the box 
représents the median for score value, 20. If the distribution is symétrie, the median will 
be in the exact middle of the box. The lines extending above and below the box are referred 
to as "whiskers" and they provide an idea of the variability. By taking the median of the 
top and bottom halves, it is really approximating as close as it can to a division of the data 
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into quaters. Thus, the boxes in a box-and-whisker diagram show the spread of the two 
middle quarters of the data. The whiskers show the spread of the top and bottom quarters. 
This box-and-whisker diagram shows that the two higher quarters of the data are less 
spread out than the two lower quaters, and the lowest quarter has the greatest 
spread of all. In this example the median is closer to the top and the data is negatively 
skewed. This shows that there are more cases toward the lower end of the distribution and 
there is a tail toward smaller values. If the median is closer to the bottom of the box, the 
opposite is true and the tail is toward larger values. For this example, the box plot makes it 
clear that the low score values are more extreme than the high score values. 
Math test 
Figure 4. Box plot example 
Reliability 
The internal consistency coefficient alpha to assess the reliability of the responses to 
items within each scale on the questionnaire was computed for each part according to 
Cronbach's formula. The results are shown in Figure 5. 
These reliability coefficient values indicate that the questionnaire was reasonably 
consistent, considering the diversity within the sample population with respect to 
background in math education and technology use. 
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Section Itsma Reliability 
B Philosophy in Mathematics Curriculum and the Standards 0.78 
C Type of Technological Tools 0.82 
D Levels of Use 0.86 
E Objectives in a Particular Class 0.81 
All Survey 0.92 
Figure 5. Reliability coefficient values as related to sections of the questionnaire 
Exploratory factor analysis 
Due to the varied nature of mathematics and the diversity of educators in math and 
technology use, the instrument used in this study was necessarily complex; thus the data 
were extensive with several possible methods of analysis that could be used. 
One the most frequently used techniques in multivariate research is factor analysis 
which perform the function of data reduction by grouping variables that are moderately or 
highly correlated with one another. Thus exploratory factor analysis for all items of 
sections B, C, D, and E of the questionnaire was performed, along with the tests to check how 
well the chosen model fits the data. The appropriateness of this factor model was evaluated 
through two tests for each section of the questionnaire. The Barlett's test of sphericity was 
used to test the hypothesis that the correlation matrix is an identity matrix. This hypothesis 
was rejected because the observed significance is very small which means that the use of 
factor model could be considered as very good. The values of Barlett's tests for each 
section in this survey are shown below. 
Section B: Barlett test of sphericity = 1231,3532, significance = 0.0000 
Section C: Barlett test of sphericity = 2008,3164, significance = 0.0000 
Section D; Barlett test of sphericity = 2589,3336, significance = 0.0000 
Section E; Barlett test of sphericity = 880,5754, significance = 0.0000 
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy is an index for 
comparing the magnitudes of the observed correlations coefficients to the magnitudes of the 
partial correlation coefficients. In general, small values for the KMO measure indicate 
that a factor analysis of the variables may not be a good idea since correlations between 
pairs of variables cannot be explained by the other variables. Kaiser (1974) characterized 
measures in the 0.90s as marvelous; in the 0.80s as a meritorious; in the 0.70s as 
middling; in the 0.60s as a mediocre; in the 0.50s as miserable; and below 0.50s as 
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unacceptable. The values of KMO for each section in this survey are shown below. Since 
the values are close to 0.90, 0.70 and 0.80, the factor analysis can be used. 
Section B: KMO of sampling adequacy = 0.87158 
Section C: KMO of sampling adequacy = 0.69889 
Section D: KMO of sampling adequacy = 0.85973 
Section E: KMO of sampling adequacy = 0.79975 
Factor extraction Both Kaiser's criterion and Cattel (1966) scree tests were used to 
select the number of factors in part of the questionnaire. A varimax rotation procedure was 
chosen because it has high utility with factors that orthogonally rotated (Comrey, 1973). 
The following criteria had to be met before factors could be assigned: items had to correlate 
or have factor loading with an r value of 0.40 or greater with that factor and 0.30 or less 
with other factors, according to Comrey's factorial validity test in which absolute values 
m e utilized. Each of the factors retained from each section of the questionnaire was named 
by the consistent characteristic underlying the items loaded on the factor. 
Philosophical consistencv (First factor analysis) The results of first factor analysis 
conducted on section B of the questionnaire are presented in Table 1. Almost 46% of the 
total variance is attributable to the first six factors. The percent of variance accounted for 
each factor was: Factor 1, 18.6%; Factor 2; Factor 3, 7.3%; Factor 4, 5.1%, Factor 5, 3.8%; 
and Factor 6, 2.9%. 
Five items (41, 42, 43, 44 & 45) loaded on Factor 1. After varimax rotation, these items 
had moderate loadings and all referred to the use of graphing calculators and its power of 
visualization. The items were as follows: item 41 "solve easily equations and 
inequalities that are impossible to solve by pencil and paper algebraic techniques"; item 42 
"explore and investigate the behavior of fonctions which is harder with only paper and 
pencil"; item 43 "foreshadow important concepts of calculus"; item 44 "view and check 
algebraic manipulations"; and item 45 "gain skills that will improve standardized test 
scores". 
Two items (37 & 38) loaded on Factor 2. These items had large loadings and related 
computer technologies use with algebra, statistics, and geometry. 
Two items (24 & 25) loaded on Factor 3. These two items referred to classical sequence 
versus newer sequence in mathematics curricula: arithmetic, algebra & calculus or 
graphing, algorithm & pattern. They are as follows: When using computer technologies, 
item 37 "They furnish a link between geometry and algebra" and item 38 "They furnish a 
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Table 1. Factor analysis for section B of the questionnaire 
Philosophical consistency factors-Varimax rotated factor matrix 
Factor 1 Factor 2 Factors Factor 4 Factors Factor 6 
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account for 18.5 8.5 7.3 5.1 3.8 2.9 
Eigenvalues 4.05 1.86 1.71 1.61 1.42 1.23 
Note: Only loadings greater than .40 are included 
link between algebra and statistics". 
Three items (30, 32 & 33) loaded in Factor 4 with moderate loadings after varimax 
rotation. These items were related to the list that represent the algebra curriculum 
emphasis according to the Standards: graphing, solving, and simplifying. 
Three items (34, 35 & 36) loaded in Factor 5. These three items related to the ways in 
which to refocus traditional approaches to teaching (e.g., allowing students to attempt 
problems and new material first; Asking students to explain their work and their 
thinking & Helping them to revise their initial responses). 
48 
Only one item (27) loaded heavily on Factor 6: "In 9-12 mathematics curricula, there 
should be increased emphasis on problem solving in all area of mathematics". This item 
represents basic philosophical construct of the Standards. (See Table 2). 
Therefore, the six factors were labeled as follows: 
Factor 1, Fl: Calculator Use 
Factor 2, F2: Computer Technology Use 
Factor 3, F3: Mathematics Curricula Approach 
Factor 4, F4: Mathematics Curricula Emphasis 
Factor 5, F5: Mathematics Teaching Strategy 
Factor 6, F6: Problem Solving Emphasis 
Tvpe and usual use of technology (Second factor analysis) The results of this second 
factor analysis, conducted on Section C of the questionnaire, are presented in Table 2. 
Almost 52% of the total variance is attributed to the first six factors. The percent of 
variance accounted for each factor was: Factor 1, 9.8%; Factor 2, 6.2%; Factor 3, 14.3%, 
Factor 4, 8.8%; Factor 5, 8.8%; and Factor 6,4.9%. 
Four items (10b, 10c, lOd &10e) loaded on Factor 1. Each of these items referred to the 
frequency of use of Computer Algebra System (CAS)(e.g., Mathematica, Derive, Math Cad 
& Geometric Supposer). 
Three itemsd, 2 & 3) loaded on Factor 2. These items referred to the frequency of use of 
computer tool applications (e.g., spreadsheets, data base, graphic generator). 
Four items (11a, lib, 11c & lid) loaded on Factor 3. These items referred to the 
frequency of use of calculators (e.g., arithmetic, scientific, graphic & Business). 
Three items (7, 8 & 9) loaded on Factor 4. with medium loadings. These items referred 
to the frequency of use of computers for individual learning (e.g.. Drill & Practice, 
Tutorial & Expert System). 
Two items (5 & 6) loaded on Factor 5. These items referred to the frequency of use 
newer computer-related technologies (e.g.. Networks & HyperCard Math Applications). 
Three items (15a, 15b & 16c) loaded on Factor 6. These items referred to the frequency 
of use of programming languages (e.g., Basic, Logo & Pascal). 
Therefore, the six factors were labeled as follows: 
Factor 1, Fl; Frequency of use of Computer Algebra System (CAS) 
Factor 2, F2: Frequency of use of computer tool applications 
Factor 3, F3: Frequency of use of calculators 
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Factor 4, F4: Frequency of use computers for individual learning 
Factor 6, F5: Frequency of use newer computer-related technologies 
Factor 6, F6: Frequency of use of programming languages 
Table 2. Factor analysis for section C of the questionnaire 
Frequency of technology use factors-Varimax rotated factor matrix 
Factor 1 Factor 2 Factors Factor 4 Factor 5 Factor 6 
Item F1 F2 F3 F4 F5 F6 
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Variance 14.8 9.8 9.2 8.8 8.8 4.9 
Eigenvalue 3.85 3.14 2.85 2.37 2.37 1.33 
Note: Only loadings greater than .40 are included 
so 
Levels of use (Third factor analysis) The results of this third factor analysis, 
conducted on Section D of the questionnaire, are presented in Table 3. The four factors 
were determined by the same statistical parameters and criteria used in Sections B and C. 
Almost 65% of the total variance is attributable to the first four factors; Factor 1, accounted 
for 27.7% of the explained variables variance; Factor 2, 19.4%; Factor 3,10.1%; and Factor 
4, 8.1%. 
Five items (2, 5, 10, 18 & 22) loaded on Factor 1 with large loadings after varimax 
rotation. One item referred to LoU VI, four items referred to LoU V, and one item to LoU 
rVB. These items related to highest LoUs. 
Four items (9,19,20 & 24) loaded on Factor 2. Two items referred to LoU IVB and 
the other two items referred to LoU VI. These items related to medium and highest LoU. 
Four items (3,12,14 & 21) loaded on Factor 3. with moderate loadings after varimax 
rotation. Three items referred to LoU 0 and one item referred to LoU I. These items 
related to the lowest LoU. 
Four items (4, 7, 8 & 17) loaded on Factor 4. One item referred to LoU II and the others 
referred to LoU III. These items related to first LoU. 
The results of this factor analysis provided partial support for the independence of the 
levels of use subscale items of the questionnaire. The results are presented in Table 4. 
Objectives in a particular class (Fourth factor analysis) The results of the factor 
analysis of Section E of the questionnaire are presented in Table 4. Almost 50% of the total 
variance is attributable to the first four factors. Factor 1 accounted 11.3% of the explained 
variables variance; Factor 2, 25.9%; Factor 3, 7.9%, and Factor 4, 4.6%. 
Four items (9, 10,11 & 12) loaded on Factor 1 with heavy loadings after varimax 
rotation. These items referred to applied mathematics learning objectives(e.g., Leam 
about applications of mathematics, leam about relationship mathematics-technology). 
Loadings in Factor 2 revealed Four items (4, 6, 7 & 8) loaded on Factor 2. These items 
referred to problem solving skills objectives (e.g., develop problem solving/inquire skills, 
leam to evaluate arguments based on scientific arguments). 
Two items (2 & 3) loaded on Factor 3. These items referred to basic mathematics 
learning objectives (e.g., Leam basic mathematics concepts, important terms and facts in 
mathematics). 
Two items (1 & 5) loaded on Factor 4. These items referred to interest in mathematics 
objectives (e.g., become interested in mathematics, prepare for further studies in 
mathematics. 
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Table 3. Factor analysis for section D of the questionnaire 
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3 0 0.66 
12 0 0.64 
14 I 0.54 
7 II 0.61 
4 III 0.57 
















Note; Only loadings greater than .40 are included 
Therefore, the four factors were labeled as follows: 
Factor 1, Fl: Applied Mathematics Learning 
Factor 2, F2: Problem Solving Skills 
Factor 3, F3; Basic Mathematics Learning 
Factor 4, F4: Mathematics' Interest 
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Each factor was treated as a variable and each respondent was given a score on each 
factor, called factor scale or scale. The regression factor score method was used for 
estimating the factor score coeAGcient, with standardized scores and variance equal to 
the square multiple correlation between the estimated factor scores and the true values. 
These factors or scales were used in the subsequent statistical procedures which were the 
Correlation and Multiple Regression analyses. 
Table 4. Factor analysis for section E of the questionnaire 
Objectives in a particular class factors-Varimax rotated factor matrix 
Factor 1 Factor 2 Factors Factor 4 
















account for 25.9 11.3 7.9 4.6 
Eigenvalues 3.62 158 1.09 1.01 
Note: Only loadings greater than .40 are included 
Analvsis of interview data 
Data from each questionnaire were processed mainly by computer. However, 
responses to open-ended questions were summarized manually. The analysis of 
interview data involved contrasting the results of the teacher interview responses with the 
same teachers' LoU placements on the questionnaire which had been independently 
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completed at an earlier time. The conjecture is that close correspondence between the two 
sets of data provides evidence of concurrent validity of the two-collecting procedures. 
Protection of Human Subjects 
The questionnaire was anonymous; there was no request for names of the respondents. 
However, the questionnaire was coded to provide identification of respondents who 
received follow-up letters and interviews. Approval for the study was obtained from the 
Iowa State Human Subjects in Research Committee prior distribution of the questionnaire 
in November, 1992. 
Confidentiality and anonmity was assured in the letter of trasmittal. The completion 
and the interview was voluntaiy and constituted consent for participation in the research 
project. All questionnaire were kept secure throughout the duration of the study and were 
destroyed immediately following completion of the data analysis and final writing. 
Summazy 
This chapter provided information on the research method. Included were the selection 
of the population and sample, the design of the data collection instrument and the statistical 
procedures used in the analysis. Specific details were provided on the factor analysis 
procedures which were performed for data reduction on all items on the questionnaire. 
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CHAPTER IV. RESULTS AND FINDINGS 
In this chapter interpretations of data collected in the study are reported. This data 
analysis chapter begins with findings from the demographic, participation, involvement, 
and philosophical consistency variables. The remainder of the chapter is organized 
according to the four research questions that were addressed in the first chapter. 
Descriptive Statistics 
Characteristics of the respondents 
The 198 usable responses represented all of the Area Education Agencies and 91 school 
districts in Iowa. The distribution of responses was approximately proportional over 
various sizes of AEAs. There were 43 responses (21.71%) from small AEAs (less than 25 
local districts); 61 (30.80%) from medium sized AEAs (25-30 local districts); and 94 
(47.47%) from large AEAs (more than 30 local districts). The ratio of males to females was 
approximately two to one;126 males (66.7%) and 62 females (32.8%), respectively. Figure 6 
indicates the distribution of response rate from each AEA, and the distribution of responses 
by size of AEAs is presented in Figure 7. 
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 
Area Education Agency 
Figure 6. Distribution of respondents by each Area Education Agency, N=198 
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Figure 7. Distribution of respondents by size of Area Education Agency, N = 198 
Teaching exnerience 
Two components of teaching experience that were investigated are the percent of the 
teaching assignment devoted to mathematics and the number of years of teaching 
experience. In the present study, a majority of respondents (78.3%) reported that teaching 
mathematics comprises more than 80% of their teaching assignment (see Table 5). 
Table 5. Distribution of percent of teaching assignment devoted to mathematics 
Percent of Teaching Assignment Frequency Percentage 
0%-20% 6 3.0 
21%-40% 1 .5 
41%.60% 8 4.0 
61%.80% 28 14.1 
81%-100% 155 78.3 
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The mean for the teaching experience was 3.31, according to the likert scale used for 
this item, teachers' average response ranked closest to the interval 11-20 years of teaching 
experience. Almost half 107 (54%) of the respondents reported more than twenty years of 
teaching experience. In the other intervals, 11-20 years had the next highest frequency; 55 
(27.8%), and the intervals 1-3 years and 4-10 years had the lowest frequencies; 8 (4%) and 
28 (14.11%) respectively. The demographic data of the respondents regarding years of 
experience teaching mathematics are presented in Figure 8. 
120-, 
1-3 4-10 1  1-20 20+ 
Years 
g Number of Respondents 
0 Percentage 
Figure 8. Distribution of respondents by years of teaching experience, N = 198 
Educational background 
Two questions were asked on the questionnaire to ascertain whether the mzgor/minor 
area of study was mathematics education, and what was the highest earned degree by the 
respondent. Almost all of the respondents reported college credits beyond the baccalaureate 
level (181, 91.5%), with more than one third of the respondents reporting hours beyond the 
master's level (68, 36%). Table 6 and Table 7, respectively, report data regarding the 
distribution of majors/minors in mathematics/mathematics education and the highest 
earned degrees. 
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Table 6. Distribution of majors/minors in mathematics/mathematics education 
Type Frequenqr Percentage 
Major 176 88.4 
Minor 20 10.6 
Neither 3 1.6 
Table 7. Highest earned college degree 
Degree Frequency Percentage 
Bachelors 17 8.6 
Bachelor plus 80 40.4 
Masters 22 11.1 
Masters plus 72 36.4 
Doctorate 7 3.5 
Participation in Mathematics Education Organizations 
The five indicators of a respondent's level of participation in mathematics education 
organizations used in this study were membership, journals read on a regular basis, the 
frequency of conference attendance, publication of articles, and presentations made at 
conferences. Five questions were asked to ascertain the respondents' levels of 
participation for each indicator. 
Membership 
Even though the present study was based on a stratified random sample of all 
secondary mathematics teachers in Iowa, a large majority of the respondents (134, 67.7%) 
were members of the ICTM. The next largest group of the respondents (102, 54%) were 
members of the NCTM. Smaller groups of respondents were members of other 
organizations such as Mathematical Association of America (MAA), School Science and 
Mathematics Association (SSMA), American Association of Physics Teachers, Iowa 
Academic of Science, Consortium for Mathematics and its Applications (COMAP), 
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University of Chicago UCSMP Users, Council for Exceptional Children, Pi Lambda Theta, 
and Omicron Delta Kappa. The distribution of the data for membership in professional 
mathematics organizations is presented in Table 8. 
Table 8. Membership in mathematics education organizations 
Membership Frequency Percentage 
NCTM or ICTM 134 67.7 
SSMA 6 3.0 
COMAP 4 2.0 
Other 11 5.5 
None 43 21.7 
Journals read on a regular basis 
One question asked that the respondents to mark whether they read "most," "some" or 
"none" of the articles from a list of professional mathematics education journals. The 
choices were: (a) ICTM Journal: (b) Arithmetic Teacher and/or Mathematics Teacher: (c) 
School Science and Mathematics: (d) The Comnuter Teacher Journal: and an open-ended 
"Other." Journals that were listed as "Other" included the MAA Focus, the American 
Mathematical Monthly, COMAP (Consortium for Mathematics a^d Its Applications, and 
microcomputer journals such as the Comnuter Teacher Magazine. Computers in Teaching. 
and the Computer Teacher. Approximately 73% of the respondents read most/some (20% 
and 53% respectively) of the articles from ICTM and Arithmetic Teacher and/or 
Mathematics Teacher journals, whereas approximately 26% read none of the articles. A 
small percentage (4.5 % and 9.6%) of the respondents read some of the articles from School 
Science and Mathematics journal, and The Computer Teacher Journal. These data 
indicate that slightly over half of the secondary mathematics teachers are reading some of 
the ICTM and/or NCTM journals' articles on a regular basis and very few of them are 
reading some of the other journals' articles. The distribution of the data describing 
reading of journals is presented in Table 9. 
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Table 9. Mathematics education journal articles read on a regular basis 
Journals 
frequency 
Most Some None 
Percentage 






40 106 52 20.2 53.5 26.3 
28 104 66 14.1 66.7 33.3 
0 9 189 0.0 4.5 95.5 
1 19 178 0.5 9.6 89.9 
2 14 182 1.0 7.0 91.9 
Attendance at conferences 
In another question, the respondents were asked to mark whether they attend "most," 
"some" or "none" of the professional mathematics education meetings on a yearly basis. 
The meetings from the list were: (a) Fall Mathematics Conference University of Northern 
of Iowa (UNI); (b) ICTM Mathematics Conference; (c) NCTM Regional and/or National 
Conference; (d) an open-ended "Other." Additional meetings listed as "Other" were the 
Math/Science Consortium, Math Colloquium, and microcomputer conferences such as 
ICUE. Nearly 70% of the respondents reported attending most/some (20% and 53% 
respectively) of the UNI or ICTM meetings, whereas nearly 27% of the respondents reported 
no attendance at meetings. The data indicate that, in general, secondary mathematics 
teachers had fair levels of participation with regard to the frequency of conferences 
attended on a yearly basis. Distribution of the data for the conferences attended on a yearly 
basis is presented in Table 10. 
Table 10. Mathematics education conferences attended in the last 5 years 
Conferences 
rreoumcy 
Most Some None 
Percentgge 





40 94 64 20.2 47.5 32.3 
42 105 51 21.2 53.0 25.8 
7 97 94 3.5 49.0 47.5 
0 5 193 0.0 2.5 97.5 
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Articles published 
Respondents were asked to indicate whether they had published "some" articles, "one," 
or "no" articles by marking all of the journals in which they had published within the past 
five years. The journals listed were: (a) ICTM Journal, (b) Arithmetic Teacher and/or 
Mathematics Teacher; (c) School Science and Mathematics; and (d) an open-ended 
"Other." Very few respondents (4.8 %) had had an article published in either an ICTM or a 
NCTM journal. No journals were listed under "Other." An inspection of Table 11 
indicates that, in general, secondary mathematics teachers had low levels of publication 
with regard to the frequency of published articles in professional journals within the past 
five years. Table 11 presents the distribution of data regarding the respondents' published 
articles. 
Table 11. Journals in which respondents' have been published 
Frequency Percentage 
Type of Journal Some One None Some One None 
ICTM 1 5 192 0.5 2.5 97.0 
NCTM 1 3 194 0.5 1.5 98.0 
SC&M 0 1 197 0.0 0.5 99.5 
Presentations 
Respondents were asked to indicate whether or not they had made a presentation at a 
conference. Presentations made at the local level had the highest frequency 82 (41.4%), 
and presentations made at the national level had the lowest frequency 5 (2.5%). These data 
indicate that the frequency of participation decreased as the presentation level increased. 
Table 12 presents the distribution of data regarding the respondents' presentations. 
Involvement With Curriculum Standards 
Responses from five questions were used to measure a respondent's involvement with 
the Standards. These questions requested that respondents report factual and self-
perceptions indicators of knowledge related to the Standards and Professional Standards. 
Data gathered concerning the approximate proportion of the curriculum standards for 
grades 9-12 read by the respondents indicate that 71% of the respondents (141) have a 
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Table 12. Presentations made at a conference or workshop 
Presentation Level Yes(%) No(%) 
Local 82 (41.4) 116(58,6) 
Regional 26(13.1) 172(86.9) 
State 34 (17.2) 164(82.2) 
National 5 (2.5) 193 (97.5) 
personal copy of the Professional Standards. However, only 68.2% (n=135) of them have 
read 50% or more of it. Nearly one-third of the respondents indicated that they had read 
0%-25% of the curriculum standards (n=63, 31.8%). The distribution of respondents on 
percentage of curriculum standards read is presented in Figure 9. 
Two other measures of respondents' knowledge about the Standards are their 
attendance at in-services, workshops, courses, or conferences meetings where the 
Standards have been discussed, and participation in developing a curriculum that reflects 
the goals set by theStandards. Responses to questions about these indicate that 83.8% 
(N=166) of the respondents have attended meetings on the Standards and 76.3% (N=150) 
have been involved in curriculum development. The last measure is a respondent's self-
perception of knowledge of the Standards. A likert scale with a range where 1 represented 
no knowledge and 5 represented much knowledge was utilized. More than two thirds of the 
respondents reported some or much knowledge of the Standards, Figure 10 presents the 
distribution of the data for the respondents' self perception of knowledge. 
In general, data gathered concerning involvement with curriculum standards 
indicate that secondary mathematics teachers had a high level of involvement and 
familiarity with the mathematics standards. 
Philosophy in Mathematics Curriculum and Technology Use 
A measure of the philosophy in mathematics curriculum and technology use consisted 
of 22 items soliciting responses on a strongly agree/strongly disagree 5-point likert scale. 
The purpose of these statements was to determine perceptions, attitudes, and opinions 
regarding philosophical consistency with the Standards in mathematics curriculum and 
technology use in mathematics education and mathematics instruction at the secondary 
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Figure 9. Approximate percentage of Professional Standards read for grades 9-12, N=198 
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Figure 10. Distribution of the data for the respondent's self perception of knowledge. 
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level. Validation of this part of the questionnaire was determined by comparing the 
content of the questions to actual statements from the Standards, Everybody Counts (1989), 
and complements of the NCTM's Standards such as On the Shoulders of Giant: New 
Annroach to Numeracy (1990). Also there was a consensus of the eight mathematics 
educators who helped in the validity field test process, and who have been involved in 
mathematics education, the Standards, technology use and mathematics curricula. 
Items from this section of the questionnaire were submitted to principal component 
factor analysis in Chapter III, each of the factors retained from the philosophical 
consistency questions was named by the consistent characteristics underlying the items 
loading on the factor. Six factors latent roots greater than 1.00 were identified and subject 
to varimax rotation (see Table 2). Examination of the rotated factors yielded several 
clearly defined functional grouping of variables. Factor 1 contains moderate loadings on 
the items of the use of graphing calculators and its power of visualization, this factor best 
defines as "Graphing Calculator Use." Factor 2 contains high loadings on the items of 
computer technology use with algebra, statistics, and geometry; this factor would best 
seems to represent "Computer Technology Use." Factor 3 contains only two loadings of 
significant size referred to classical sequence versus newer sequence in mathematics 
curricula: arithmetic, algebra & calculus or graphing, algorithm & pattern; there seems 
to be this factor represents "Mathematics Curricula Approach." Factor 4 has moderate 
loadings on the items related to the list that represents the algebra curricula emphasis 
according to the recommendations of the Standards: graphing, solving, and simplifying; 
this factor is identifiable as "Mathematics Curricula Emphasis." Factor 5 contains 
moderate loadings on the items related to the ways in which to refocus traditional 
approaches to teaching, this factor is an indicator of "Mathematics Teaching Strategy." 
Factor 6 contains the largest loading on the item in which the Standards emphasize that 
problem solving should be the focus of the mathematics curriculum, this factor is 
identifiable as "Problem Solving Emphasis." 
Six philosophical consistency factors (PCF) scores for each respondent were obtained 
by combining the raw score of each item with weights that are proportional to their factor 
loadings. The formula used was PCF = Zfnrn where n represents the number of items that 
loaded on the factor, f represents the factor weight of the item from factor analysis, and r 
represents the likert scale response of the item when coded in a positive direction (5 
represent the correct orientation). The distribution of the PCF scores is given in Figure 11. 
The highest teachers' frequency responses for the philosophical consistency factors was 
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Factor 6: Problem Solving Emphasis; the mean for this factor was 4.03. According 
to the likert scale used for these items, teachers' means ranked closest to somewhat agree 
with the basic philosophical construct of the Standards, which put problem solving at the top 
of the agenda for change in mathematics teaching. The next highest teachers' frequency 
responses for the philosophical consistency factors were Factor 4: Mathematics Curricula 
Emphasis and Factor 2: Computer Technology Use. The means for these factors were 
approximately 3.81. According to the likert scale used for these items, teachers' mean 
responses ranked closest to somewhat agree with the list that represents the algebra 
curriculum emphasis: graph, solve, and simplify; and the use of computer technologies in 
algebra, statistics, and geometry. For the remaining factors, groups means indicate slight 
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F1 = Calculator Use; F2 = Computer Technology Use; 
F3 = Mathematics Curricula Approach;F4 = Mathematics Curriculum Emphasis; 
F5 = Mathematics Teaching Strategy; F6 = Problem Solving Emphasis 
Figure 11. Distribution of PCF scores, N=198 
Mathematics Teaching Objectives in a Particular Class 
This section, relating mathematics teaching in a particular class, consisted of 
fourteen items soliciting responses on a "none"/ "very heavy" emphasis 6-point likert 
scale. The purpose of this section was to investigate patterns of the teachers' plans for a 
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math class for the entire course. They were asked how much emphasis each of the 
objectives on a given list received. Validation of this part of the questionnaire was 
determined by comparing the content of the questions to actual statements from the 
Standards, and complements of the NCTM's Standards such as Professional Standards 
for Teaching Mathematics, 
Items from this section of the questionnaire were submitted to a principal component 
factor analysis in Chapter III. Each of the factors retained from these 14 items was named 
by the consistent characteristics underlying the items loading on the factor. The four 
factors were the Applied Mathematics Learning (e.g., leam about applications of 
mathematics, leam about relationship mathematics-technology); the Problem Solving 
Skills (e.g. develop problem solving/inquiry skills, learn to evaluate argument based on 
scientific arguments); the Basic Mathematics Learning (e.g., learn basic mathematics 
concepts, important terms and facts in mathematics); and the Mathematics' Interest (e.g., 
become interested in mathematics, prepare for further study in mathematics). 
The highest teachers' average responses for the objective factors was for the Problem 
Solving Skills; the mean for this factor was 5.40. According to the likert scale used for 
these items, teachers' average response ranked closest to very heavy emphasis that they 
will give to this group of objectives related to problem solving skills. 
The next highest teachers' average responses for the objectives factors were for the 
Applied Mathematics Learning and Basic Mathematics, the mean of these factors being 
approximately 5.00. According to the likert scale used for these items, teachers' average 
response ranked closest to heavy emphasis that they will give to this group of objectives 
related to applied mathematics and basic mathematics. 
The lowest teachers' average response for the objective factors was for Mathematics' 
Interest. The mean reported for this factor was less than 4.40. According to the likert scale 
used for these items, teachers' average response ranked closest to moderate emphasis that 
they will give to this group of objectives related to interest in mathematics. The 
distribution of the mean responses for the four factors is given in Figure 12. 
Levels of Use 
The first research question focused on the tentative levels of use teachers have in 
implementing the Standards, Five groups were identified from the eight levels: Non Use 
(Levels 0); First Use Preparation (Levels I & II); Initial Awareness (Levels III and I VA); 
Externalized Use (Levels FVB & V); and Modified Use (Level VI). 
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Factors 
FI = Applied Mathematics Learning; F2 = Problem Solving Skills; 
F3 = Basic Mathematics Learning; F4 = Mathematics's Interest 
Figure 12. Means of the objective factors 
Non use and first wse preparation growps (Leveig Q, I & H) 
The interpretation for these groups is dependent upon whether a respondent has little or 
no knowledge and whether the user is acquiring information or preparing for the first use 
of the innovation. These groups of respondents were identified by the lowest z-scores in the 
box-plots diagrams for all respondents and the highest z-scores for each respondent in 
levels 0,1, and II. Figure 13 contains three box plots for the use of the Standards variables, 
one for each level of use 0,1, and II. 
Unlike the horizontal scale where the distances do not convey information, the vertical 
axis has a meaningful scale. In this case it ranges from -3 to +3 for the calculated z-scores 
that correspond approximately to the original scale 0 to 7 (irrelevant-very true of me now) 
on the questionnaire. Since these are z-scores, the mean is zero. In each of the boxes a short 
horizontal line in the box identifies the median of data for each level 0,1, and II. 
For the first box the upper whisker is longer than the lower whisker, indicating that the 
mean lies far above the median. These characteristics reveal that data show strong 
positive skewness. This means there were more cases toward the upper end of the 
distribution, that is there was a tail toward larger values. In other words, whereas most of 
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the respondents reported "not really true of me now," very few reported "true of me now" 
for this level 0. 
For the second and third box, the skewness in the distribution has been reduced, as 
evidenced by the facts that the upper whiskers are only slightly longer than the lower, and 
the means are closer to the medians than the first box plot. The box plots also reveal that the 
use of Ûie_Standard8 variable to the level II tend to exceed those of the level I and 0. Most of 
the respondents reported close to "somewhat true of me now" for levels I and II. 
An inspection of the box-plot diagrams should make it clear that respondents for level 0 
reported below average knowledge or no knowledge of the Standards than respondents for 
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Figure 13. Box plots of LoU 0,1, and II 
Initial awareness (Levels III and IVA) group 
Figure 12 contains two box plots for the use of the Standards variable, one for each level 
of use III and IVA. Inspection of the diagrams indicates that the upper whiskers and lower 
whiskers are at a similar distance and level, and the medians lie above the mean. These 
characteristics reveal that the data show slight negative skewness and similar 
variabilities. The tails were toward smaller values in responses for levels III and IVA. 
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This means that most of the respondents reported slightly above "somewhat true of me 
now" for levels III and IVA. Respondents at these levels are focused in a stepwise attempt 
to master the tasks required to use the Standards or they are trying to stabilize some of those 
tasks. They might be reporting some management problems over time, and some 
variation in pattern of use. 
T 
Figure 14. Box plots of LoU III and TVA 
Externalized use (Levels IVB & V). and modified use (Level VI) groupa 
Figure 15 contains the box plots for levels IVB, V, and VI. For the three boxes, the upper 
and lower whiskers are at a similar distance and level, but the median in the first box lies 
above the mean while the medians in the second and third box lie below the mean. These 
characteristics reveal different skewness for the data represented in those boxes 
indicating that more respondents reported "true of me now" for level IVB than for levels V 
and VII. Respondents at these levels are using the Standards in combination with other 
colleagues to increase the impact on students and to explore mzgor adaptations in the 
Standards. 
Figure 16 contains the box plots for all levels supporting the conclusion that there were 
more respondents in levels IVA and IVB than in levels 0,1, II, III, V, and VI. These are 
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Figure 15. Box plots of LoU IVB, V, and VI 
Figure 16. Box plots of all LoU 
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indicators that the use of the Standards is between mechanical and routine use, and the 
Standards are beginning to stabilize. Few if any changes are being made in ongoing use. 
Standardized z-scores were computed to describe the location of the score of a particular 
respondent in the distribution of levels of use scores, whether it was above average or below, 
and how much above or below. Thus, an estimate of the number of respondents for each 
level was determined. From the box plots analyses and z-scores computation for each 
respondent, five categories of levels of use were identified through the eight levels: Non 
Use (Level 0), First Use Preparation (Levels I & II), Initial Awareness (Levels III & IVA), 
Externalized Use (Levels IVB & V), and Modified Use (Levels VI & VII). 
Continuation of the trend of LoU research is supported by data gathered in this study. 
After three cycles of use, 30-40 percent of an innovation's users are stable at LoU IVA or 
IVB. A mtyority of respondents (n=68, 34.3%) were categorized as having Initial 
Awareness (Mechanical or Routine) use; that is, they focused most effbrt on the short-term, 
day-to-day use of the Standards with little time for reflection and preparation. Few 
changes are being made in ongoing use of the Standards. They focused also on logistics, 
time, and management, resource organization to use the Standards. 
The next largest group of respondents (54, 27.3%) were categorized as having First Use 
Preparation (Orientation or Preparation) use; that is, respondents are acquiring 
information about the Standards, they are exploring its value orientation, and preparing 
for the first use of the Standards. 
Forty-four of the respondents (22%) were categorized as having Externalized 
(Refinement or Integration) use; that is, they are varying the use of the Standards to 
increase the impact on students with knowledge of both short and long-term consequences 
for students, and they are coordinating their own use of thejStandards with other 
colleagues. 
A smaller group of respondents (21,10%) was categorized as having Non-Use level ; 
that is they have little or no knowledge of the Standards, or no personal involvement with 
the Standards. 
Substantially fewer respondents (11, 5.6%) were categorized as having Modified Use 
level; that is they are planning activities that involve pursuit of alternatives to enhance the 
Standards, making major adaptations in the Standards, and examining new 
developments in mathematics curriculum. They are analyzing advantages and 
disadvantages of major modifications or alternatives to the present use of the Standards. 
Distribution of data for each level of use and category are presented in Table 13 and Figure 
17. 
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Table 13. Distribution of respondents by each LoU 
Level of Use Frequenqjr Percentage 
0 Non-users 21 10.6 
I Orientation 24 12.1 
n Preparation 30 15.2 
III Mechanical Use 26 13.1 
IVA Routine 42 21.2 
rVB Refinement 22 11.1 
V Integration 22 11.1 
VI Roiewal 11 5.6 
80n 
WÊ Number of Respondents 
0 Percentage 
No-use Preparat Initial Ext use Mod. use 
LoU Categories 
Figure 17. Distribution of respondents by LoU categories 
l evels of use and philosophical consistency with the Standards 
Respondents were separated into two categories, respondents with lowest LoUs (0,1, II, 
III, IVA) and respondents with highest LoUs (IVB, V, VI) and then t-tests were run to 
examine the differences between these two groups regarding philosophical consistency 
with the Standards and classrom activities according to the Standards. 
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Data presented in Table 14 show that according to a t-test analysis there were 5 significant 
differences between those respondents who had lower LoUs and those who had higher LoUs, 
regarding philosophy and technology use of the Standards. Significant differences were 
found for the following items: item 27 (In 9-12 mathematics curricula, there should be 
increased emphasis on problem solving in all area of mathematics), item 31 (The algebra 
curriculum should be refocused because in future years, being able to write an equation is 
going to be more important than being able to solve one), item 36 (Ways in which to refocus 
traditional approaches to teaching might reasonably include asking students to explain 
their work and their thinking both orally and in writing), item 43 (Graphing calculators 
allow students to use the power of visualization to foreshadow many important concepts of 
calculus, such as limits, derivatives, solving optimization problems), and item 45 
(Graphing calculators allow students to gain skills that will improve standardized test 
scores, SAT, ACT, AP, etc.). In each of these items those teachers who had highest LoUs 
rated the items significantly higher than those teachers who had lowest LoUs. In the rest of 
the items, examinations of the means between lowest and highest LoU groups, also 
indicated similar trends. Therefore, this indicated that higher LoUs did influence how 
respondents showed more philosophical consistency with the Standards particulary in 
classroom activities and technology use. 
Levels of use and mathematics teaching objectives in a particular class 
Also in this section, respondents were separated into two categories, respondents with 
lowest LoUs ( 0,1, II, III, IVA) and respondents with highest LoUs (IVB, V, VI) and then t-
tests were run to examine the differences between these two groups regarding mathematics 
teaching objectives in a particular class. 
Data presented in Table 15 show that according to a t-test analysis there was one 
significant difference between those respondents who had lower LoUs and those who had 
higher LoUs, regarding mathematics teaching objectives in a particular class. 
Significant differences were found for the following items: item 11 (Learn about the career 
relevance in mathematics) and item 5 (Prepare for further study in mathematics. In this 
item those teachers who had highest LoUs rated the items significantly higher than those 
teachers who had lowest LoUs. 
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Table 14. T-test analysis regarding philosophical consistency with the Standards when 







Mean2/S.D.2 t-value 2-tail prob. 
24 3.16/1.16 3.14/1.41 -0.02 .97 
25 3.23/0.94 3.50/1.16 -1.58 .11 
26 2.36/0.95 2.30/1.10 0.39 .69 
27 4.63/0.48 4.81/0.43 -2.56 .01* 
23 4.11/0.70 4.32/0.77 -1.73 .08 
29 2.78/0.95 2.63/0.91 1.04 .30 
30 3.14/0.89 3.01/1.01 0.84 .40 
31 3.29/0.94 3.79/0.78 -3.77 .00* 
32 3.58/0.74 3.72/0.75 -1.16 .25 
33 3.25/1.15 3.41/1.19 -0.85 .39 
34 3.56/1.01 3.81/0.86 -1.75 .08 
35 4.31/0.66 4.45/0.68 -1.29 .20 





37 3.73/0.75 3.70/0.86 0.23 .81 
38 3.81/0.66 3.98/0.80 -1.30 .19 
39 4.04/0.62 4.16/0.72 -1.12 .26 
40 3.52/1.13 3.69/1.07 -0.95 .34 
41 3.90/0.91 3.87/1.15 0.21 .83 
42 4.32/0.69 4.40/0.76 -0.61 .54 
43 3.83/0.91 4.23/0.74 -3.21 .00* 
44 4.30/0.75 4.45/0.76 -1.21 .22 
45 3.26/0.94 3.56/0.91 -2.03 .04 
*p <.05;**p <.001 
Type of Computer Technologies Use 
The second research question asked about type and usual use of computer technologies 
that could be related to the Standards. This section of the survey instrument consisted of 27 
items soliciting responses on a "unfamiliar"/"quite often" 5-point likert scale. The 
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Table 15. T-test analysis regarding mathematics teaching objectives class when 







Mean2/S.D.2 t-value 2-tail prob. 
1 4.61/1.06 4.65/0.96 -0.25 .80 
2 5.10/0.87 5.20/1.13 -0.55 .58 
3 5.00/0.83 4.94/0.93 0.43 .66 
4 4.15/1.17 4.30/1.16 -0.84 .40 
5 5.14/0.68 5.36/0.69 -1.98 .04* 
6 5.40/0.62 5.41/0.63 -0.13 .90 
7 4.27/1.04 4.38/1.17 •0.60 .55 
8 4.90/0.92 5.00/0.71 -0.66 .51 
9 4.89/0.87 5.07/0.95 -1.10 .27 
10 5.11/0.69 5.26/0.64 -1.23 .22 
11 4.48/0.98 4.89/1.03 -2.49 .01* 
12 4.45/0.97 4.81/1.00 -1.13 .08 
13 2.94/1.08 3.32/1.27 -1.97 .05 
14 3.25/1.40 3.60/1.30 -1.65 .10 
*p < .05; **p < .001 
purpose of this section was to obtain information about the type and the usual use of 
technological tools such as calculators, computers, software, hypermedia, networks, and 
expert systems. The items comprised indicators for the common classification systems 
used to organize educational computing to determine with what frequency these 
technologies are being used for mathematics instruction in classroom demonstration or 
student assignments. 
Items from this section of the questionnaire were submitted to principal component 
factor analysis in Chapter III; each of the factors retained from these 27 items was named 
by the consistent characteristics underlying the items loading on the factor. The six 
factors were the frequency of use of Computer Algebra System (CAS)(e.g., Mathematica, 
Derive, Math Cad, Geometric Supposer), the frequency of use of computer tools applications 
(e.g., spreadsheets, data base, graphic generator), the frequency of use of calculators (e.g., 
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Scientific, Graphic, Business), the frequency of use for individual learning (e.g.. Drill 
and Practice, Tutorial, Expert System), the frequency of use of newer computer-related 
technologies (e.g., Networks, HyperCard Math Applications), and the frequency of use of 
programming languages (e.g., Basic, Logo, Pascal). 
The highest teachers' average responses for the frequency in use factors was use of 
calculators; the mean for this factor was 4.52. According to the likert scale used for these 
items, teachers' average response ranked closest to using calculators for class 
demonstration or student assignments "often" (more than 5-10 times a year) during the 
school year. With regard to individual approaches teachers indicated they used 
scientific/graphic calculators (3.54) more frequently than arithmetic/fraction calculators 
(3.50) for both class demonstration and students assignments. Teachers used 
business/symbolic calculators (2.25) less frequently for class demonstration and students 
assignments. 
Continuation of the trend of computer related technology use documented in the 
Schmidt (1991) study is supported by this study. The next highest teachers' average 
responses for the frequency in use factors were "individual learning" (e.g., Drill and 
Practice and Tutorials) and "computer tools applications" (e.g., spreadsheets, data base, 
graphic generator). The mean of these factors was approximately 2.60. According to the 
likert scale used for these items, teachers' average response ranked closest to using 
individual learning and computer tools applications "sometimes " (1-4 times a year) 
during the school year. 
The lowest teachers' average responses were for the rest of the factors; the means 
reported for these factors were less than 1.80. Over sixty percent of the respondents were not 
familiar with the terminology or had never used these types of technologies 
(e.g., HyperCard, Logo/Pascal programming, Mathematica, Math Cad, Expert Systems, 
Networks). The distribution of the means responses for the six factors is given in Figure 
18. 
Correlations of Variables With LoU Categories 
The third research question, "Is there a relation between LoU secondary mathematics 
teachers have regarding implementation of the Standards and certain teacher 
characteristics?" is addressed in this section. Spearman rho correlations were computed 
to determine the strength of the relationship between the levels of use (LoU) categories and 
demographic, participation, involvement, philosophical consistency factor variables, the 





Frequency of Use Factors 
F1 = Frequency of Use of Computer Algebra System; F2 = Frequency of use 
computer tools applications; F3 = Frequency of use of calculators; F4 = 
Frequency of use for individual learning; F5 = Frequency of use newer 
computer-related technologies; F6 = Frequency of use of programming 
languages 
Figure 18. Means of the frequency of use factors 
Spearman's rho correlation is a measure of association for ordinal-level data that 
provides a degree of the extent to which two sets of ranks are in agreement or 
disagreement. When the direction of the relationship cannot be determined in advance as 
in exploratory data analysis, two-tailed test are deemed appropriate (Norusis, 1989). 
Demographic data 
Data were gathered from the questionnaire on six demographic variables: gender, size 
of the school district, area educational agency, percent of teaching assignment devoted to 
mathematics, years of teaching experience, highest earned degree, and mathematics and 
mathematics education as major/minor area of study. A correlation coefficient at .05 
level was established by Spearman rho between the size of the school, education agency and 
the LoU categories. The negative correlation coefficient for the school district size and 
area education agencies (rg=-.1011 and rg=-.0914) indicates 
a moderate inverse relationship between these variables and the LoU categories. 
Correlations coefficients for each of the demographic variables are presented in Table 16. 
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Table 16. Correlations of LoU categories and demographic variables 
Variable 
Gender 
School District Size 
Area Education Agency 
Teaching Assignment 
Year of Experience 









*p < .05 
Participation in mathematics education organizations 
Five variables on a respondent's level of participation in the Iowa Council of Teachers 
of Mathematics (ICTM), the National Council of Teachers of Mathematics, School Science 
and Mathematics Association (SSMA), Mathematics Association of America (MAA), 
and/or, none, and other mathematics education organizations were analyzed with the LoU 
categories. There was a moderate correlation (p < .05) between the LoU categories and 
membership, journal articles read, attendance at conferences and presentations made. 
Table 17 presents the correlations of LoU categories with the six participation variables. 
Table 17. Correlations of LoU categories and the participation variables 
Variable rg 
Membership .0540 
Read Journals .1359* 
Attend Conference . 1487* 
Published Articles .0535 
Presentations .1271* 
*p < .05 
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Involvement with the Standards 
Five measures of a respondent's involvement with the Standards and the Professional 
Standards were correlated with the LoU categories. All respondents who either did not 
report or who reported having read 0% of the Professional Standards (N=19, 10.1%) were not 
included. Additionally, all respondents who either did not report or who indicated no 
knowledge of the Standards (N=12, 6.3%) were omitted in the correlation analysis. 
Omitted responses and missing values were not included in the correlation analysis. 
Significant correlations were computed for three measures at the .05 level. One 
measure correlated negatively with the LoU categories as a result of the descending order 
of responses, (1) yes and (2) no, and the ascending order of the LoU categories. Table 18 
presents the correlations of the Involvement with the Standards and Professional 
Standards variables. 
Philosophical consistencv with the Standards 
Six philosophical consistency factors were analyzed with the LoU categories: Factor 1: 
Calculator Use; Factor 2: Computer Technology Use; Factor 3: Mathematics Curricula 
Approach; Factor 4: Mathematics Curricula Emphasis; Factor 5: Mathematics Teaching 
Strategy; and Factor 6: Problem Solving Emphasis. Factors 3 and 4 correlated with the 
LoU categories at the .05 level of significance. The correlations are presented in Table 19. 
Table 18. Correlations of LoU categories and the involvement with the Standards and 
Pnrfesshnal Standards 
Variable rg 
Copy of the Professional Standards (N=141) .0396 
Fercentage o{ Professional Standards Read (N=179) .1186* 
Attending Meetings (N=166) .0454 
Curriculum Development (N=151) .1209* 
Self-Rated Perception (N=186) .1822* 
*p < .05 
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Table 19. Correlations of LoU categories and the philosophical consistency factors 
Factor Ts 
Factor 1: Calculator Use .0207 
Factor 2: Computer Technology Use .0520 
Factor 3; Mathematics Curricula Approach .1302* 
Factor 4: Mathematics Curricula Emphasis .1198* 
Factor 5: Mathematics Teaching Strategy -.0084 
Factor 6: Problem Solving Emphasis .0897 
*p < .05 
Type of technology use 
Six frequency of use factors were analyzed with the LoU categories. The six factors 
were: the frequency of use of Computer Algebra System (CAS)(e.g., Mathematica, Derive, 
Math Cad, Geometric Supposer); the frequency of use of computer tools applications (e.g., 
spreadsheets, data base, graphic generator), the frequency of use of calculators (e.g.. 
Scientific, Graphic, Business); the frequency of use for individual learning (e.g.. Drill 
and Practice, Tutorial, Expert System); the frequency of use of newer computer-related 
technologies (e.g., Networks, HyperCard Math Applications); and the frequency of use of 
programming languages (e.g., Basic, Logo, Pascal). The second and third factors 
correlated with the LoU categories at the .05 and .001 levels of significance respectively. 
The correlations are presented in Table 20. 
Mathematics teaching objectives in a particular class 
Four mathematics teaching objective factors were analyzed with the LoU categories; 
The four factors were: a) the Applied Mathematics Learning (e.g. leam about applications 
of mathematics, leam about relationship mathematics-technology); b) the Problem 
Solving Skills (e.g., develop problem solving/inquiry skills, learn to evaluate arguments 
based on scientific arguments); c) the Basic Mathematics Learning (e.g., leam basic 
mathematics concepts, important terms and facts in mathematics); and d) the 
Mathematics' Interest (e.g., become interested in mathematics, prepare for further study 
in mathematics). The first factor correlated with the LoU categories at the .05 level of 
significance. The correlations are presented in Table 21. 
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Table 20. Correlation of LoU categories and frequency of use factors 
Frequency of Use Factor rg 
Computer Algebra System .0583 
Computer Tools Applications -.2054* 
Calculators .2683** 
Individual Learning -.0200 
Newer Computer-Related Technologies -.0161 
Programming Languages .0109 
*p < .05; **p < .001 
Table 21. Correlations of LoU categories and mathematics teaching objectives 
Mathematics Teaching Objective rg 
Applied Mathematics Learning .1483* 
Problem Solving Skills .0914 
Basic Mathematics Learning -.0660 
Mathematics' Interest -.0713 
*p < .05 
Regression 
The fourth research question, "Can selected teachers' characteristics predict the LoU 
among secondary mathematics teachers implementing the Standards?", is addressed in 
this section. Backward multiple regression analysis was used to determine the prediction 
of demographic, philosophical consistency factors, frequency of use factors, and teaching 
objective factors variables that had high correlations with LoU categories. These full 
models were reduced to models having only variables significant at least p < . 10 by using a 
backward elimination regression procedure (Draper & Smith, 1966; Laird & Cady, 1969). 
An analysis using fifteen variables indicated that six variables contributed 
significantly to the prediction of the LoU categories (F(6,105)=4.2406; p < .005). The six 
variables included one of the demographic items (degree), two of the involvement with the 
81 
Standards (self-rating and curriculum development), one of the participation score 
variable (attendance meetings), one the frequency of technology use factors (Calculators) 
and the frequency of use factor for individual learning (Drill &Practice, and Tutorials). 
The results of the regression analysis to answer the third research question are shown in 
Table 22 when all six variables entered as predictors with LoU categories as the criterion 
variable. 
Approximately 20% of the variance in LoU categories was attributable to the combined 
predictor variables. The multiple R was significant at the .05 level. One of the 
demographic variables, educational degree, significantly contributed to the prediction of 
the respondents' LoU categories. Test statistics for degree, the frequency of use factor for 
individual learning (Drill &Practice, and Tutorials), and involvement with the 
Standards predictor variables were significant at the .05 level. Table 22 presents a 
summary of the backward elimination analysis results. 
Examination of the backward regression results showed that the adjusted R did not 
increase as additional variables were added to the equation and was the preferred measure 
of goodness of fît because is not subject to the inflationary bias of unadjusted R. Since 80% 
of the variance remains unexplained, a more complex model is obviously needed. 
Further, other potential teacher variables were not included in the model. Also, some of 
the existing variables, such as experience, may make a nonlinear as well as linear 
contributions to the fit. Such contributions can often be approximated by including new 
variables that simply functions of the existing one. 
Analysis of the Informal Interview LoU 
Ratings of respondents LoU obtained through the interview were contrasted with the 
LoU ratings provided independently in response to the questionnaire. Then the number of 
changes was determined, as were the arithmetic changes in the ratings. 
A sub-sample of twenty respondents who had completed the questionnaire were 
stratified and proportionally selected from each of the levels pre-determined by the LoU 
written survey population for follow-up interviews. The LoU interview format and 
procedures described in Chapter III were followed as closely as possible. 
The analysis of the informal interview LoU was contrasted with the results on the 
questionnaire which had been completed earlier and independently. The conjecture was 
that close correspondence between the two sets of data provides evidence of concurrent 
validity of the two data-collecting procedures. To facilitate interpretation, data for the 
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Table 22. Analysis of backward regression with all six variables entered as interviewing 
predictors of the LoU categories using 15 variables. 
Source of Variation df SS MS F value 
Regression 6 84.3460 140576 4.24 
Residual 106 348.0736 3.3149 
Multiple R 0.4416 Adjusted R square 0.1950 
R square 0.1950 Standard error 1.8207 
Variable 3. tvahie .âisjt 
SelfRadng 0.4385 1.750 .0830 
Highest Degree 0.5624 3.086 .0026 
Attendance Meeting -0.2644 -1.908 .0592 
Curriculum Development -0.4616 -2.139 .0347 
Individual Learning -0.3956 -1.995 .0486 
Calculators use 0.4403 1.930 .0563 
(Constant) 5.4610 4.005 .0001 
twenty respondents are reported: a) independently on written questionnaire (LoU: 0-7); b) 
during interview (LoU: 0-7); c) average of multiple LoU placements; and d) difference of 
more than one LoU between self- reported and interview. The distribution of data for 
comparisons is presented in Table 23. 
Comparisons of respondents' LoU self placement in the two different contexts indicate 
the following: 
a) In about half of the respondents, there was no change in the reported LoU between 
data-collecting procedures (when averages of multiples placements were used). In other 
respondents, all changes were toward an increase in reported LoU at the time of the 
interview. 
b) About half of the arithmetic change may be attributed to the responses from two 
respondents (#13 and #17). If the data from these respondents were eliminated, the 
response sets would show much greater similarity, though still slightly changed toward 
higher LoU ratings in the informal interview data. 
c) Nine of the respondents revealed remarkable consistency in response sets. 
d) Eight out of twenty respondents specified a multiple LoU placement during the 
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interview; this suggests some difficulty in discriminating among levels on the basis of the 
definitions provided. 
e) The levels with the greatest consistency were levels III and IVA. 
d) The levels with the greatest problems of self placement were V, VI and VII. 
While the ideal procedure in establishing concurrent validity is to compute correlation 
coefficients and then test the significance of the relationships, this was not done with these 
data. The small number of respondents (N=20), as well as the nature of the distribution 
responses, made this impractical. Therefore, any conclusion on the validity of the self-
report procedure must be based largely on inspection of the descriptive statistics. It will be 
recalled that this limitation in the research design was emphasized in a previous chapter of 
this study. In other words, the data collected were designed simply to point in a direction, 
rather than to lead toward some definitive statement. 
In any event, it may be seen that there is a fair degree of correspondence between the two 
data-collecting procedures. Furthermore, while the clarifying process of the interview 
appeared to prompt self-assessment that was slightly more positive than was the 
assessment made independently, the change was significant. 
Regarding the appropriateness of the written questionnaire as a means of gathering 
data, some additional information was volunteered by respondents during the interview. 
In essence, these comments reinforced most of the perceptions reported previously during 
the survey, that respondents found the questionnaire well organized and easy to follow, 
and a comprehensive instrument for gathering data on LoU. However, some negative 
feelings were expressed over its length and the problem of interpreting some items on LoU. 
Regarding general comments about the Standards itself which could help determine its 
value (e.g., philosophical direction, as a curriculum framework), how to implement them 
better (revision of the content), and the role of computer technology, patterns very similar to 
the patterns gathered with the written questionnaire were observed. 
Generally, implementation of the revised curriculum appeared to be taking place this 
academic year, although a few respondents commented that implementation was expected 
within one or two years. Many respondents indicated that the Standards had been 
incorporated to some extent. Other comments were related to the need for stronger 
leadership and assistance from AEAs, professional organizations, the Iowa State 
Department of Education, from universities through opportunities to participate in service 
training, opportunities to share ideas and strategies with peers, articulation between grade 
levels in mathematics, the quality of instructional materials, and teacher exchange 
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Table 23. Respondents' LoU comparisons of self-report questionnaire 
and follow-up interview ratings 
Respondent Number CP la Arithmetic change 
Respondait # 1 3 3,4,5 +1.00 
Respondent # 2 4 4 0.0 
Respondent # 3 2 2,3 +0.5 
Respondent # 4 3 2,3 -0.5 
Respondait#5 0 0 0.0 
Respondait # 6 4 4,5 +0.5 
Respondent #7 5 5,6 +0.5 
Respondent #8 4 4 0.0 
Respondent #9 3 3,4 +0.5 
Respondent # 10 6 6 0.0 
Respondent # 11 4 3,4,5 0.0 
Respondent #12 1 0,1,2 0.0 
Respondent# 13 2 3,5 +2.0 
Respondent # 14 1 1^ +0.5 
Respondent # 15 7 6,7 -0.5 
Respondent # 16 5 5 0.0 
Respondent# 17 3 4,5 +1.5 
Respondent# 18 4 4,5 +0.5 
Respondent# 19 3 3 0.0 
Respondent #20 2 2 0.0 
a Reported independently on questionnaire (LoU; 0-7) 
b Reported during interview (LoU: 0-7) 
c Average of LoU placement 
d Difference of more than one LoU between self-report and interview 
programs or partnerships with universities and the private sector. 
The changes generally commented on were providing the use of a hands-on approach 
in mathematics classes at 10th and 12th grades, the use of ADDENDA series, and the use of 
the Chicago Project material in algebra. Additional comments indicated a need for 
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increasing instructional time in mathematics and requiring elementary teachers to take 
more mathematics courses at the undergraduate level that would improve mathematics 
education. 
In terms of the CBÂM levels-of-use model, teachers reported soliciting more 
information and materials that focus specifically on the changing use of the Standards to 
improve students outcomes. They requested plans for organizing and managing 
resources, activities, and events related primarily to immediate ongoing use of the 
Standards. Only during the informal interview did some of the teachers talk about their 
constructive and active view of the mathematics learning process. They mentioned 
appropriate project work, both group and individual assignments, discussion between the 
teacher and the student and among students, practice on mathematical methods, and less 
exposition by the teacher. Much of the content of these comments reflects typical responses 
that characterize users of the Standards at II, III, IVA and IVB levels of use. A summary of 
these comments is in the Appendix. 
The comments on the role of computer technologies were related mostly to their use in 
the classrooms and for assignments, solving realistic problems, leaving the mechanics of 
calculation to computers, allowing fast answers to "what if questions, and helping to 
visualize solutions. Specifically, very positive comments were made on the use of 
graphing calculators. Also, a number of comments were made related to technology 
availability, accessibility, funding, and inservice training that will help the 
implementation process of the Standards. A summary of these comments is in the 
Appendix. 
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CHAPTER V. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Introduction 
The objectives of this chapter are to present the conclusions that were drawn from the 
study, discuss the implications of these conclusions, and recommend avenues for future 
research on the topic. The chapter also contains a concise summary of the study's purpose, 
the methodology employed, the major findings, and the recommendations for further 
study. 
Purpose 
The first purpose of this study was to explore and provide new information and insight 
concerning Iowa mathematics' teachers use and perception of the National Council of 
Teachers of Mathematics (NCTM) Curriculum and Evaluation Standards for School 
Mathematics (Standards). The uses analyzed were those identified in the Levels of Use 
(LoU) dimension of the Concern-Based Adoption Model (CBAM) (Hall & George, 1979). 
The second purpose was to investigate the existence of relationships between the LoU of 
these mathematics teachers and the data variables 1) demographic (e.g., gender, teacher 
experience in mathematics, educational background in mathematics, and/or membership 
in mathematics educational organizations, involvement with the Standards] 2) 
philosophical consistency with the Standards and technology use; and 3) type and usual 
use of computer technologies related to the Standards, The third purpose of this study was to 
determine whether selected teacher characteristic variables can predict the LoUs among 
secondary mathematics teachers regarding the Standards. 
Methodology 
The breadth of the questions plus time and cost limitations required that this study be 
restricted to a small population. Teachers from Iowa's high schools were the population for 
this study. 
Data were gathered from a stratified random sample of 198 secondary' mathematics 
teachers in Iowa by a mail questionnaire. A sub-sample of 20 teachers who had completed 
the questionnaire was proportionally selected from each of the levels predetermined by the 
LoU written survey for a follow-up informal interview. 
Data collection instruments were designed and adapted by the researcher, and these 
instruments (survey and informal interview) were subsequently examined and 
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moderately changed based upon recommendations of university faculty members in 
education, mathematics education and survey research design. Data from the 
questionnaire were coded and analyzed utilizing frequencies, factor analysis. Spearman 
rho correlations and multiple regression. 
Mm'or Findings of the Study 
Participation in professional activities in mathematics education 
Nearly two thirds of the respondents were members of the Iowa Council of Teachers of 
Mathematics (ICTM) and almost half of the respondents were also members of the 
National Council of Teachers of Mathematics (NCTM). Less than one third of the 
respondents were members of other organizations such as School Science and Mathematics 
Association, the Mathematical Association of America, and the Iowa Computer Using 
Educators. 
Approximately half of the respondents (106, 53.5%) reported reading some of the articles 
in ICTM and NCTM publications while (68, 19%) of the respondents reported reading 
"most every article" from both ICTM and NCTM publications. There are four 
ICTM/NCTM publications: Arithmetic Teacher. Mathematics Teacher. Journal of 
Research in Mathematics Education, and NCTM Newsletter. More than (182, 90%) 
reported reading "none of the articles" from either The Computer Teacher Journal and/or 
School Science and Mathematics journals. However, a substantial number (60, 31.7%) 
reported reading "none of the articles" from any other journal. This indicates a decrease 
in reading mathematics journal articles as compared to the Fagan (1991) study. 
Several mathematics education conferences are available for secondary mathematics 
teachers to attend on a yearly basis. These include the University of Northern Iowa (UNI) 
Fall Mathematics Conference, the ICTM Mathematics Conference, the NCTM Regional 
and/or National Conferences, and workshops organized by the Area Education Agencies 
(ABA). Approximately 70% of the respondents reported attending "most/some" (20%, 
47.5%) of the UNI or ICTM meetings whereas nearly 30% of respondents reported not 
attending any meetings. This indicates a decrease in the attending ICTM and/or NCTM 
meetings on a yearly basis over results of similar data, nearly 20% in the Fagan (1991) 
study. 
Very few respondents (4.8%) had an article published in either an ICTM or NCTM 
journal or in other journals. This indicates a continuation of the trend of writing and 
submitting articles for publication documented in Fagan (1991) study that is supported by 
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this study. On the other hand, more respondents (41.4%) made presentations at 
mathematics education meetings at local and regional levels than in the Fagan (1991) 
study. 
InYolvement with the Standards 
Five indicators of the involvement with the curriculum standards were analyzed: a 
personal copy of the Professional Standards, percentage read of the Professional 
Standards, attendance at meetings where the Professional Standards have been discussed, 
participation in developing a curriculum that reflects the goals set by the Standards, and 
self-rated perception of knowledge of the Standards. 
Most of the respondents (n=135, 68.2%) have read 50% or more of the Professional 
Standards', a large majority (n=166, 83.6%) indicated that they have attended meetings on 
the Professional Standards and (n=143, 75.7%) have been involved in curriculum 
development. 
A large proportion of the respondents (n=85, 42.9%) rated their knowledge about the 
Standards above average, a medium proportion of the respondents (n=68, 34.3%) rated their 
knowledge average, a smaller proportion of the respondents (n=33,16.7%) reported little 
knowledge, and a few of the respondents (n=12, 6.1%) reported no knowledge. 
The six factors from the twenty-two philosophical consistency items in mathematics 
curriculum and technology use were identified as Factor 1: Calculator Use, Factor 2: 
Computer Technology Use, Factor 3: Mathematics Curricula Approach, Factor 4: 
Mathematics Curricula Emphasis, Factor 5: Mathematics Teaching Strategy, and Factor 
6: Problem Solving Emphasis. The results found in the descriptive statistics and derived 
from factor analysis clearly indicate that the m^ority of respondents support most of the 
philosophical orientations of the recent curriculum standard issues as well as technology 
use, specifically the use of graphing calculators, with few isolated cases of lower 
agreements. The msjor directions appear to be toward Factor 6, Factor 4, and Factor 2. 
Factor 6 (Problem Solving Emphasis) had to do with problem solving as the main focus 
and emphasis of the mathematics curriculum. This represents one of the most important 
philosophical constructs of the Standards, which put problem solving at the top of the agenda 
for change in mathematics teaching. 
Factor 4 (Mathematics Curricula Emphasis) had to do with mathematics curricula 
emphasis in the content of the traditional 9-12 algebra courses. It has been observed that 
most the work fell into three categories: "simplify", "solve", and "graph" with the most 
time spent on simplifying, next most on solving and least on graphing. In light of the 
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Standards of what to be left out and what was important, the recommendation is to invert the 
list to represent the emphasis; graph, solve, and simplify. Teachers would introduce 
graphing early, then use and develop it throughout the year. 
Factor 2 (Computer Technology Use) had to do with the use of technology in the 
Standards, new contents and new emphases are recommended in grades 9-12 because of 
the pervasive use of calculators and computers. All students are to have access to 
calculators/computers and use them during mathematics instruction and for doing 
homework. Further, technology, in particular, graphic calculators or interactive graphics 
computer packages, should be used for instruction involving functions and be a principal 
means for investigating the behavior of functions. 
Mathematics Teaching Objectives in a Particular Class 
A "none/very heavy emphasis" 6-point likert scale was used in this section. The 
purpose of these items was to determine how much emphasis each of the objectives will 
receive from a given list (Section E of the questionnaire) in a particular class of a teacher. 
The highest teachers' average responses for the objective factors was Problem Solving 
Skills, and the mean for this factor was 5.46. According to the likert scale used for these 
items, teachers' average response ranked closest to very heavy emphasis on Problem 
Solving Skills. This indicated again a strong support for the basic philosophical construct 
of the Standards, where the ideas about problem solving situations and learning are 
reflected in the verbs used to describe students actions (e.g., to investigate, to inquire, 
evaluate, verify, etc.) 
Conclusions 
Levels of Use of the Standards 
This study addressed four research questions. The first one focused on the tentative 
levels of use teachers have in implementing the Standards. The levels of use analyzed 
were those described in the Levels of Use (LoU dimension of the Concern Based Adoption 
Model (CBAM) (Hall & George, 1979). 
Five categories of LoU (Non-Use, First Use Preparation, Initial Awareness, 
Externalized Use, and Modified Use) were identified from the eight levels of use (Non-
users, Orientation, Preparation, Mechanical Use, Routine Use,. Refinement, Integration, 
and Renewal). A small group of respondents (21, 10%) were categorized as having Non-
Use level ; that is they have little or no knowledge of the Standards, or no personal 
involvement with the Standards. A majority of respondents (68, 34.3%) were categorized 
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as having Initial Awareness (Mechanical or Routine) level; that is, they focus most effort 
on the short-term day to day use of the Standards with little time for reflection and 
preparation, few changes in ongoing use of the Standards; and they focus also in logistics, 
time, management, resource organization to use the Standards. 
The next largest group of respondents (54, 27.3%) was categorized as having First Use 
Preparation (Orientation or Preparation) level; that is, respondents are acquiring 
information about the Standards they are exploring its value orientation and preparing for 
the first use of the Standards. 
Forty-four of the respondents (22%) were categorized as having Externalized 
(Refinement or Integration) level; that is and they are varying the use of the Standards to 
increase the impact on students with knowledge of both short- and long-term consequences 
for students, and they are coordinating their own use of the^Standards with other 
colleagues. 
A substantially fewer number of respondents (11, 5.6%) were categorized as having 
Modified Use level; that is, they are planning activities that involve pursuit of alternatives 
to enhance the Standards, making m%or adaptations in the Standards, and examining 
new developments in mathematics curriculum. In this sense, they are analyzing 
advantages and disadvantages of m^jor modifications or alternatives to the present use of 
the Standards, 
Emerging from LoU research is the fact that, after three cycles of use, 30-40 percent of 
an innovation's users are stable at LoU IVA (Routine use). The data reported in this study 
provide considerable support for these findings. From this point, they may move to higher 
levels or they may move "back" to a lower level. There is a greater probability, however, 
that they will remain at that level. After an innovation such as the Standards has been in 
use for some time, LoU research has found that the m^gority of users (excluding nonusers) 
in a sample at any one time will be at LoU IVA (Routine). But change does not ocurr easily 
or quickly. As a general rule, 30-60 percent of the first-year users of an innovation will be 
at the mechanical use (LoU III). This was reflected in the data of this study presented 
above. When the innovation is reasonably complex, as is the Standards, many users are 
likely to continue at LoU III beyond the second and third year. As further dynamic 
increases in sophistication are desired in the use of the Standards then special 
interventions appear to be needed, probably during the third cycle. 
Also, at the rare LoU VI (Renewal), the highest level, individuals are searching above 
and beyond the present innovation for ways to increase student learning. This is an 
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interesting level of use since as soon as another innovation is explored, the user recycles to 
LoU I or II with respect to the innovation. Thus, a full cycle is completed (Loucks, Newlove 
& Hall, 1975). 
The suggestions above provide mathematics' educators who are responsible for in-
service as well as pre-service mathematics education, the information needed to select and 
prescribe the most appropriate type of support or assistance to continue the implementation 
of the Standards. The information thus derived about Levels of Use of Iowa secondary 
mathematics teachers can then be used to guide the interpretation of the Standards outcome 
at lower levels such as AEAs or local school districts. A significant percentage of users 
have not reached routine use (IVA or above) and it might be advisable to delay outcome 
evaluations or at least to interpret such evaluations in light of the distributions of Levels of 
Use. For example, many of the users are at LoU III (mechanical use) means that the 
teachers are still struggling with "nuts and bolts" of the Standards use. Under those 
circumstances it is not likely the Standards will have a positive influence on students and 
produce high student outcomes. 
The data reported in this study also provide considerable support for the broad 
assumptions underlying the Concern-Based Adoption Model. They suggest, however, that 
some changes may be warranted in the specific structure of the model and the way in which 
levels of use traditionally have been assessed. Two significant findings emerged 
from the analyses. First, the factor analysis provided a partial support for the subscale 
structure of the levels of use items in the instrument, the reliability of the five of the eight 
subscales was acceptable (> .70). Second, the intercorrelational matrix provided only 
limited support for the hyphotesized relationship among levels of use. A five "levels of use" 
model appears to represent a more conceptually tight and psycometrically sound approach 
to conceptualizing levels of use for written questionnaire and the informal interview 
research designs. Further studies are clearly needed to substantiate these conclusions and 
to test the utility of the proposed revision across innovations and trainees. 
Correlations of Variables with LoU Categories 
The second research question asked if there was a relationship between the LoU 
secondary mathematics teachers have regarding implementation of the Standards and 
certain teacher characteristics. 
The results agree with the conclusions of other studies that have shown positive 
correlations with the variables: membership in professional organizations (Tye, 1981), 
attending conferences (Punch & McTee, 1979), and educational degree (Pierce, 1981). 
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Although George and Rutherford (1980) had found little relationship between 
demographic variables and LoU, this research supports the results of other studies that 
found significant relationships between LoU and demographic variables, content 
knowledge of the innovation (Kimpston & Anderson, 1986), and philosophical consistency 
(Sanders & George, 1980). In keeping with their purpose of studying variables that 
influence the individual decisions teachers make regarding change, they have also 
collected data on individual teacher's decisions that they think, and the change literature 
suggests, may influence teachers' decisions about change. Included in the teacher 
variables are the following: level (elementary, secondaiy, higher education), gender, age, 
years of teaching, years at current schools, years in present role, training in use of the 
innovation, and experience using the innovation. These demographic variables have 
been selected for this study of factors that influence the levels of use dimensions teachers 
have regarding implementation of the Standards. 
Fifteen variables were found to correlate significantly with the LoU categories at least 
p < .05: three demographic variables (gender, degree, msgor/minor); four participation 
variables (reading journals, attending conferences, making presentations, and the 
computed participation score); three involvement variables (percentage of the 
Professional Standards read, curriculum development, self-rated perception); two 
philosophical consistency factors (curriculum emphasis and curriculum approach); two 
frequency of use factors (calculators and computers); and one objective factor (problem 
solving skills). It seems to be safe to conclude that certain teacher variables investigated 
in this study had at least moderate relationships with the levels of use and implementation 
of the Standards. 
Type of Computer Technologies Use 
The third research question has to do with the uses of computer technologies related to 
the Standards. The highest teacher's average response for the most frequently used 
computer related technology applications was the use of calculators for class 
demonstration and students assignments, followed by drill and practice programs. The 
lowest teacher's average responses were for rest of the other computer technologies, a large 
number of respondents (60%) indicated that they were not familiar with the terminology or 
had never used those type of technologies (e.g., HyperCard, Expert Systems, Computer 
Algebra Systems (CAS) like Mathematica and Derive). 
In part, explanation for this was found on the survey and interview comments, many 
mathematics teachers expressed that the most significant limitations in using computer 
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related technologies was their lack of accessibility in their schools as well as the lack of 
time for training to develop lessons that use those new technologies. 
Two frequency of use factor (calculators and computers) variables were found to 
correlate significantly with the LoU categories at least p < .05. These findings are 
indicating that some use of computer technologies are related to the LoU categories of the 
Standards. The positive correlation coefficient for the use of calculators indicates a 
moderate direct relationship between this variable and the LoU categories of the Standards. 
Whereas the negative correlation coefficient for the use of computer tool applications 
(spreadsheets, data base, graphics generator) indicates a moderate inverse relationship 
between this variable and the LoU categories of the Standards. 
In fact, it appears that respondents at higher LoU tend to use calculators more than those 
at lower LoU who tend to use less computer tool applications. In part, explanation for this 
was found on the survey and interview comments, many mathematics teachers expressed 
that the most significant limitations using computer related technologies was their lack of 
accessibility in their schools as well as the lack of time for training to develop lessons that 
use those technologies. On the other hand, teachers also expressed that inexpensive, user-
friendly graphing calculators appear to be taking place, they can be used both for 
homework and for in-class activities, at home, in study hall, and on school buses by the 
students. 
Best Predictors of the LoU Categories 
The fourth research question asked if certain teacher characteristics can predict the 
LoU categories. The present study supports the results of previous research that found 
significant predictors of adoption-proneness/innovativeness to be the highest earned 
degree (Carr, 1985), involvement with the Standards, the self-rated perception, and one of 
the participation score variables (attendance at meetings) (Pagan, 1991). 
Also, the results of the present study indicated that two other variables were found to be 
significant in predicting the LoU categories; calculator use philosophical factor, and the 
frequency of use factor for individual learning (Drill &Practice, and Tutorials). 
These findings confirmed the conclusion that selected teacher characteristics were 
correlated to LoU categories. On the basis of these results and in answer to the fourth 
research question, it is concluded that educational degree, self-rated perception, 
involvement with the Standards, attendance meetings, calculator use, and frequency of 
use factor for individual learning (Drill &Practice, and Tutorials), can aid to predict the 
LoU categories of Iowa secondary mathematics teachers. 
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The strongest variable was the respondents' highest degree earned; the other variables, 
in the order they were entered into multiple regression equation, were: the self-rated 
perception, the calculator use philosophical factor, the frequency of use factor for 
individual learning (Drill &Fractice, and Tutorials), involvement with the Standards, 
and frequency of use of Computer Algebra System (CAS)(e.g. Mathematica, Derive, Math 
Cad, Geometric Supposer). The first three variables contributed positively in the multiple 
regression equation for predicting a respondent's LoU categories. Therefore, respondents 
who had the highest degree, who perceived their content knowledge of the Standards as 
above average, and those who were using the power of visualization of calculators are more 
likely to have at least an Initial Awareness or Externalized Use of the Standards, the 
Professional Standards and the mathematics curriculum effort, and have resolved their 
initial use of the Standards, and to be involved in the change effort. 
The multiple regression results suggest several findings. The respondents' highest 
degree appears to be the best predictor of the LoU categories of the Standards, at least among 
the variables included in this study. The self-rated perception knowledge of the Standards 
also appears to be impoiiant. The use of calculators and some type of technology also 
related the LoU categories. Further, other potential teachers characteristics variables were 
not included in the model. Also, some of the existing variables, such as experience, may 
make nonlinear as well as linear contributions to the fit. Such contributions can often be 
approximated by including new variables that are simply functions of the existing one. 
Implications of the Findings for Mathematics Education 
The Curriculum and Evaluation Standards for School Mathematics initiated a new 
phase in mathematics education reform. The Standards document presents both a vision 
and plan for change in mathematics instruction and assessment. The principle on which 
the Standards document is based is to establish new avenues that not only contribute to the 
growing base of scientific knowledge about mathematics teaching and learning, but also 
complement and inform the efforts of mathematics educators to reform current curricular, 
pedagogical, and assessment practices. It is both the hope and the expectation of the 
mathematics education community that major changes will continue occurring in the 
teaching and learning of mathematics. Thus, it is critical that mathematics education 
organizations continue conducting systematic activities and research on the perspectives 
envisioned by the Standards within school settings. 
Schoen (1989) and Pagan (1991) suggested some of the research and development 
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activities that should be studied, such as development of indicators to judge the degree of 
alignment of the Standards with existing programs, materials, and practices; 
naturalistic studies using these indicators to describe the fît of materials, programs, 
policies, and practices with the Standards; the development of curriculum and evaluation 
materials to exemplify the recommendations in the Standards, and demonstration studies 
to examine the effects of the Sfandartis-aligned materials, programs and practices. The 
information obtained from such monitoring efforts could then be used to make decisions 
about adjustments that may be needed, approaches that are especially effective, and 
barriers that must be overcome. 
Although the results of this study provide no definite solutions to implementation 
problems related to the Standards, they do help clarify some the critical issues that must be 
addressed in resolving these problems. They illustrate, for example, that the majority of 
Iowa mathematics teachers in the context of LoU of the CBAM model, could be categorized 
as having initial awareness (Mechanical or Routine) use; that is, they are focusing mostly 
on the short-term day-to-day use of the Standards, and they focus also in logistic, time, and 
resource organization to use the Standards. However, other significant groups of 
mathematics teachers could be categorized as having lower/higher levels of use; that is, 
they are focusing on an interval that goes from acquiring information to stabilizing the 
use of the Standards. Comparisons using t-test found that differences did existed 
regarding philosophical consistency and objectives in a particular class when the 
respondents were split according to their lowest and highest LoUs. These differences 
indicated that higher LoUs showed more philosophical consistency with the Standards 
particularly in classroom activities and technology use. With regard to objectives in a 
particular class, the higher LoUs indicated that they emphasized learning about the career 
relevance in mathematics and preparing for further studies in mathematics significant 
more than did the lower LoUs. This difference may indicate that teachers at higher Levels 
of Use are more committed to providing students with a "big picture" of mathematics. This 
is consistent with the recommendations in the Standards and Professional Standards. 
Another and perhaps more indirect implication of the results of this study is the need 
for strong leadership in mathematics educational improvement efforts, especially those 
that involve the implementation of instructional innovation such as the Standards. As 
Fullan (1982, 1985) points out, change at any level involves anxiety and uncertainty for 
those involved. If all are to be involved, then all must be compelled to confront and resolve 
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that anxiety and uncertainty. For this to occur will require strong guidance, direction, 
and perhaps more pressure from educational leaders who have a vision of what is possible, 
coupled with the knowledge of various means by which that vision can be realized. In 
addition, such guidance and pressure must be accompanied by substantial assistance and 
support so that implementers can increase their skills, ownership, and stable use of 
innovations such as the Standards. This combination of pressure from educational 
leaders along with high levels of assistance appears to be extremely powerful in 
educational improvement programs (Huberman & Crandall, 1983). The problems 
associated with implementation of instructional innovations are many and highly 
complex. Clarification of these problems would greatly improve implementation efforts. 
Implications for computer use and teaching, nreaervice education and inservice education 
The Standards call for all students to use appropriate technology, such as calculators 
and computers, on a regular basis, both in and out class. 
Results from this research study indicated that Iowa secondary math teachers have 
made high frequency of use of calculators in their classrooms, through classroom 
demonstrations, and students assignments. In particular teachers who have used an 
intensive graphing-calculator approach to algebra instruction for an entire year are 
pointing out that the traditional algebra curriculum needs drastic revision and this 
revision can be done now. 
On the other hand, results from this research study also indicated that math teachers 
have made infrequent use of newer computer-related technologies in their classrooms or 
students assignments. All the average responses on computer instructional applications 
were between never and sometimes (1-4 times a year). Even though a greater percentage of 
the respondents indicated they used drill & practice programs in their classrooms, results 
showed that teachers used computer tools applications (spreadsheets, data base, graphic 
generator) more frequently than programming applications. It should be noted that the 
m^ority of teachers indicated they did not use or desire to use any of the programming 
applications listed on the survey (e.g., Basic, Logo, Pascal). This study support the 
findings of Becker (1990) and Schmidt (1991) studies where they indicated that computer 
programming had reached a plateau in use and computer coordinators had reported a 
decline in the use of programming in the schools between 1987 and 1989. 
Even though respondents indicated they were unfamiliar with many of the newer 
computer-related technologies, they expressed in their written and interview comments 
some interest in computer inservices on the newer software such as CAS (Computer 
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Algebra Systems such as Mathematica, Derive, Math Cad, etc.), Hypermedia math 
applications, and Networks. 
Results from the study suggeted that teachers, in general were not using computer to 
implement the Standards. Moreover, teachers continued to express interest in learning 
how to integrate the computer throughout the curriculum according to the Standards. 
Possibly, this continued interest implies that computer inservices that have been offered 
have not effectively modeled how computer related-technologies can be infused into the 
math curriculum by teachers. Since 1983, computer tool applications have emerged as 
inservice and preservice topics that teachers have become more interested in learning how 
to use (Schmidt, 1991). 
Even if teachers must wait to implement a radically restructured technology-intensive 
curriculum, they can still make important beginning progress toward the use of 
technology in the implementation of the Standards. Some of the initial suggestions from 
this and other studies are as follows: 1) Choose software or tools that place mathematical 
decision-making in the hands of the students, when using computing devices in the 
mathematics classroom. The success of any moves toward attaining goals of the 
Standards is predicated on a philosophy that students learn through active engagement in 
the creation of their own knowledge (NCTM, 1989). This philosophy of active student 
involvement has implications for both hardware and software. Also, software that 
severely restricts students' options is not as successful as software that allows for 
substantial student control. Utility programs, including function plotters, equation 
solvers, statistical packages, geometric supposers, and symbolic manipulators, can put 
students in control of problem-solving decisions; 2) Teachers need to develop their own 
computer explorations of realistic situations. Although this curriculum development will 
take a substantial amount of planning time at first, the payoff is likely to be considerable. 
Recommendations for Future Research 
Additional study in regard to CBAM levels of use aspects among mathematics 
educators that could clarify and extend findings from this current study include: 
1. A follow-up study to obtain complete sociometric data to compare differences and 
interaction patterns among Iowa's mathematics teachers use and perception of the 
Standards along with their curriculum aspects. Similar studies should be conducted with 
larger samples of mathematics teachers, including all elementary and middle school 
teachers in Iowa to determine if their LoU categories correlate with this study. 
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2. A follow-up study using the Innovation Configuration dimension of CBAM model to 
focus directly with characteristics of the Standards. Innovation Configuration focuses on 
describing the operational forms an innovation can take in natural settings. The strategy 
will involve the careful breakdown of an innovation like the Standards into its 
components, and within each component, identifies the variations that describe how 
individuals might use the components. Through Innovation Configuration it is possible to 
identify and describe the adaptations that are in use and plan one's intervention in 
accordance with the actual operational form of an innovation in a particular context (Hall 
& Hord, 1987). 
3. One the problems for the perceived failure of the 1960s New Math curricula was the 
implementation strategy. In order to avoid those kind of problems, identifying the levels 
of use that secondary mathematics teachers have regarding the implementation of the 
Standards, and then using the information to target appropriate interventions that address 
the specific use, will help the teachers resolve early use, arouse more advanced use, and, 
consequently, in becoming successful users of the Standards (Hall & Hord, 1987). 
In this sense, the inservice and workshops targeted at respondents in one level of use 
category need to be different firom those respondents in the other categories. The focus of the 
interventions for respondents in the non-use category needs to be in providing general 
overview information with not so many details and getting them involved with the 
Standards (Hall & Hord, 1987). 
For teachers who were identified as having First use Preparation category, the 
intervention needs to be focused in attending orientation sessions, observing others using 
the Standards, receiving skills training in preparation for initial use, reviewing 
descriptive information and sample materials about the Standards. 
For teachers in the Initial Awareness category, the interventions may be based on 
management information about such aspects as logistics, schedule techniques, ideas for 
reducing time and work required of user, also how to plan intermediate and long-range 
actions with little projected variation in how the Standards will be used. 
For teachers in the highest level categories, Externalized and Modified, the activities 
need to be directed toward information and materials for the purpose of changing current 
practices to improve student outcome, exploration and experiments with alternative 
combination with the Standards with existing practices. Also, encouragement of the 
exchange of information and opinions for the purpose of collaborating with others in 
making major adaptations in the use of the Standards is needed. 
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4. The need for reforming the school mathematics curriculum to better meet the needs of a 
technological society is imperative. One important assumption of the Standards is that all 
students should use computers and calculators on a regular basis in school mathematics. 
6. The last recommendation is to create awareness and to make efforts to inform 
mathematics teachers of the types of newer computer-related technologies and applications 
available and how they might be applied throughout the mathematics curriculum. Results 
from the Iowa survey (Smicht, 1991) and from this study indicated that a large majority of 
respondents (> 60%) were not familiar with the terminology or had never used those types 
of technologies. 
Sununaiy 
Iowa secondary mathematics teachers have different levels of use regarding the 
implementation of the Curriculum and Evaluation Standards for School Mathematics 
(NCTM). The levels range from non-use of the Standards to those related to a modified use 
of the Standards. 
The levels correlated significantly with the demographic variables of educational 
degrees, with the participation variables membership, journal articles read, attendance at 
conferences, and presentations. Significant correlations were also found with the 
Standards ' involvement variables; with the philosophical consistency factor variables, 
type of technology factor variables, and objective in particular factor variables. Six 
variables were found to be best predictors of level of use categories; educational degree, 
self-rated perception of content knowledge of the Standards, calculator use, frequency of 
use factor for individual learning (Drill &Practice, and Tutorials), and the frequency of 
use of Computer Algebra System (CAS) (e.g. Mathematica, Derive, Math Cad, Geometric 
Supposer). These predict the LoU categories of Iowa secondary mathematics teachers. 
Although these data results provide no definite identification of secondary 
mathematics teachers levels of use and perception of the Standards, they help clarify some 
of the critical issues involved in the implementation of the Standards, prescribing 
tentative directions for the appropriate interventions. It is expected that through these 
efforts the mathematics community will continue gathering information that will inform 




Armon, U., & Leron, U. (1988). How to explain a cycloid to a turtle. Journal of Computers in 
Mathematics and Science Teaching, 1(3), 55-58. 
Aronowitz, S. (1990). Science as power: Discourse and ideology in modern society. 
Minneapolis: University of Minnesota Press. 
Berenson, S. B., & Stiff, L. V. (1990/1991). Uses of instructional technologies: First year 
report on change at a university. Journal of Computers in Mathematics and Science 
Teaching. lfi(2), 11-19. 
Bernai, H. H., Jones, E., & Cervants, R. A. (1977). The explanation of educational change: 
Case studies in the Edeewood school plan. San Antonio, TX: D.C. Development 
Associates. (ERIC Document Reproduction Service No. ED 201450) 
Blanchard, K H., & Zigarme, P. (1981). Models for change in schools. In J. Price & J. D. 
Gawronski (Eds.), Changing school mathematics: A responsive process (pp. 36-51). 
Reston, VA: National Council of Teachers of Mathematics. 
Bluhm, H. P., & Kisher, S. (1988). Techniques and technology. The School Counselor, 
mi), 47-53. 
Blume, G. W., & Schoen, H.L. (1988). Mathematical problem-solving performance of 
eight-grade programmers and nonprogrammers. Journal for Research in 
Mathematics Education. IS, 142-156. 
Borg, W. R., & Gall, M. D. (1983). Educational research: An introduction (4th ed.). New 
York: Longman. 
Calculators in the mathematics classroom. (1986). National Council of Teachers of 
Mathematics position statement. Reston, Virginia: National Council of Teachers of 
Mathematics. 
Carr, G. H. (1985, December). Characteristics of Florida vocational educators and their 
receptivity to and attitude toward educational change and innovations. Paper 
presented at the American Vocational Association Convention, Atlanta, GA. (ERIC 
Document Reproduction Service No. 266 299) 
Cattel, R. B. Ut^Oo). The scree test for the number of factors. Multivariate Behavioral 
Research. 1, 245-276 
101 
Clements, D. H., & Nastaki, B. N. (1985). Effects of computer environments on social-
emotional development: Logo and computer assisted instruction. In C. D. Maddux 
(Ed.), Logo in the schools (pp. 11-31). New York: The Haworth Press. 
Cobb, P. (1986). Making mathematics: Children's learning and the constructivist 
tradition. Harward Educational Review. ££(3), 301-306. 
Comrey, A. L. (1973). A first course in factor analysis. New York: Academic Press. 
Confrey, J. (1986). A critique of teacher effectiveness research in mathematics education. 
Journal for Research in Mathematics Education. 17(5). 347-360. 
Cooney, T. J. (1988). The issue of reform: What have we learned from yesterday ? 
Mathematics Teacher. M, 352-363. 
Creamer, E. G., & Creamer, D. G. (1988). Predicting successful organization change: Case 
studies. Journal of College Student Development. 29(1). 4-11. 
Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests. Psvchometrika. 
IS, 297-334. 
Crosswhite, F. J., Dossey, J. A,, & Frye, S. M. (1989). NCTM standards for school 
mathematics: Visions for implementation. Mathematics Teacher. 82. 664-671. 
Curcio, F. R. (1990). Mathematics as communication: Using a language-experience 
approach in the elementary grades. In T.J. Cooney and C.R. Hirsch (Eds.), 
Teaching and learning mathematics in the 1990s (1990 Yearbook) (pp. 69-75). Reston, 
VA: National Council of Teachers of Mathematics. 
Damarin, S. K., Dziak, N. J,, Stull, L., & Whiteman, F. (1988). Computer instruction in 
estimation: Improvement in high school mathematics students. School Science and 
Mathematics. 88,488-492. 
Dede, C. J. (1987). Empowering environments, hypermedia and microworlds. The 
Dede, C. J. (1987). Implementation of artificial intelligence in education: Two scenarios. 
Austin, Texas: Center for Research on Communication Technology and Society, 
University of Texas. 
Dede, C. J. (1990). The evolution of distance learning. Journal of Research on Computing 
in Education. 22,(3), 254 
102 
Dence, M. (1980). Toward defining the role of C.A.I.: A review. Educational Technology. 
2Û, 50-54. 
Demana, F., & Waits, B. K. (1990). Enhancing mathematics teaching and learning 
through technology. In T. J. Cooney and C. R. Hirsch (Eds.), Teaching and learning 
mathematics in the 1990s (1990 Yearbook) (pp. 212-221). Reston, VA: National Council 
of Teachers of Mathematics. 
Dossey, J. A., Mullis, I.V., Lindquist, M. M., & Chamber, D. L. (1988). The mathematics 
report card. Princenton, NJ.: Educational Testing Service. 
Dow, I. I., & Whitehead, R. Y. (1981). New perspectives on curriculum implementation: A 
survev of teacher, principal and consultant/coordinator concerns. Toronto: Ontario 
Public Schools Men Teachers' Federation. 
Driscoll, M. (1981). Research within reach: Elementary school mathematics. Reston, VA: 
National Council of Teachers of Mathematics. 
Eisner, E. (1982). Cognition and curriculum: A basis for deciding what to teach. New 
York: Longman. 
Fagan, P. J. (1991). An analysis of concerns of secondary mathematics teachers in the 
implementation of the Curriculum and Evaluation Standards for School Mathematics. 
Doctoral dissertation, Iowa State University, Ames, Iowa. 
Fein, G. G., Campbell, P. F., & Schwartz, S. S. (1987). Microcomputers in the preschool; 
Effects on social participation and cognitive play. Journal of Applied Developmental 
Fennema, E., & Peterson, P. (1985). Autonomous learning behavior: a possible 
explanation of sex -related differences in mathematics. Educational Studies in Math. 
1Ê(3), 309-311. 
Fisher, C. W. (1990). The research agenda project as prologue. [Review of research agenda 
for mathematics education (Vols. 1-5)]. Journal for Research in Mathematics 
Education. 21, 81-89. 
Fullan, M. (1982). The meaning of educational change. New York: Teachers College 
Press. 
Fullan, M. (1985). Changes process and strategies at the local level. Elementary School 
Journal. 85, 391-421. 
Fullan, M., & Park, P. (1981). Curriculum implementation: A resource booklet. Toronto: 
Ministry of Education. 
103 
Fullan, M., & Pomfrefc, A. (1977). Research on curriculum and instruction 
implementation. Review of Educational Research. 47. 335-397. 
Fuller, E. F. (1969). Concerns of teachers: A development conceptualization. American 
Educational Research Journal. £(2), 207-226. 
Frye, S. M. (1989). The NCTM Standards - Challenges for all classrooms. Mathematics 
Teacher. S, 312-317. 
Gartrell, D. (1987). Assertive discipline: Unhealthy for children and other living things. 
Young Children. 42(2), 10-11. 
George, A. A., & Rutherford, W. L. (1980). Changes in concerns about the innovation 
related to adopter characteristics, training workshops, and the use of innovations. 
Washington, O. C.: National Institute of Education. (ERIC Document Reproduction 
Service No. ED 192 450) 
Goolad, J. I. (1984). A place called school. New York: McGraw-Hill. 
Gressard, C. P., & Loyd, B. H. (1987). An investigation of the effects of math anxiety and 
sex on computer attitudes. School Science and Mathematics. S2(2), 125-135. 
Hadfîeld, 0. D., Maddux, C. D., & Hart, C. (1989). Effectiveness of logo instruction in 
reducing mathematics anxiety among eight-grade students. Computers in the Schools. 
g, 103-112. 
Hall, E. & Hall, C. (1988). Human relations in education. London, UK.: Routledge. 
Hall, G. E., & George, A. A. (1979). Stages of concern about the innovations: The concent, 
initial verification and some implications. Austin: Research and Development 
Center for Teacher Education, The University of Texas. (ERIC Document 
Reproduction Service No. ED 187 716) 
Hall, G. E., George, A. A., Rutherford, W. L. (1979). Measuring stages of concern about the 
innovation: A manual for use of the SoC questionnaire (R&D No. 3032). Austin; 
Research and Development Center for Teacher Education, The University of Texas. 
Hall, G. E., & Hord, S. M. (1987). Changes in schools: Facilitating the process. Albany: 
State University of New York. 
Hall, G. E., Hord, S. M., & Griffin, T. H. (1980, April). Implementation at the school 
building level: The development and analysis of nine mini-case studies. Paper 
presented at the Annual Meeting of the American Educational Research Association, 
Boston. (ERIC Document Reproduction Service No. ED 207 170) 
104 
Hall, G. E., & Loukcs, S. F. (1978). Teacher concerns as a basis for facilitating and 
personalizing staff development. Teachers College Record. Mi 36-53. 
Hall, G. E., & Rutherford, W. L. (1976). Concerns of teachers about the implementing team 
teaching. Educational Leadership. M, 227-233. 
Hall, G. E. & Loucks, S. F.; Rutherford, W.L. & Newlove, B. W. (1975). Levels of use of the 
innovation: A framework for analyzing innovation adoption. The Journal of 
Teacher Education. 22(1), 52-56. (Spring) 
Harting, G. (1983). Implementing CAI in a university learning center. Journal of 
Computer-Based Instruction.il. 113-116. 
Hartley, S. S. (1977). Meta-analysis of the effects of individually paced instruction in 
mathematics. Doctoral dissertation, West Virginia University. Dissertation 
Abstract International, M> 4910Â. 
Hawkins, J., Sheingold, K., Gearhart, M., & Beger, C. (1982). Microcomputers in schools: 
Impact on social life of elementary classrooms. Journal of Applied Developmental 
Psvchology. a, 361-373. 
Heckman, P. E., Oakes, J., & Sirotnik, K. A. (1983). Expanding the concepts of school 
renewal and change. Educational Leadership. M(7), 26-32. 
Hembre, R., & Dessart, D. (1986). Effects of hand-held calculators in precollege 
mathematics education: A meta-analysis. Journal for Research in Mathematics 
Education. IZ, 83-99. 
Hill, S. A. (1981). The Agenda for Action as a potential agent for change in the 
mathematics curriculum. In J. Price & J. D. Gawronski (Eds. ), Changing school 
mathematics: A responsive process (pp. 3-12). Reston, VA: National Council of 
Teachers of Mathematics. 
Hinkle, D, E., Wiersma, W., &Jurs, S. G. (1979). Applied statistics for the behavioral 
sciences. Boston: Houghton Mifflin. 
Hord, S. M. (1979). Assessing teachers' concerns as a basis for designing inservice. 
Austin: Research and Development Center for Teacher Education, The University of 
Texas. (ERIC Document Reproduction Service No. ED 189 061) 
Huberman, M., & Crandall, D. (1983). People, policies and practices: Examining the 
change of school improvement. Vol. 9. Implications for action: A study of 
dissemination efforts supporting school improvement. Andover, MA; The Network. 
105 
Hulling, L. L., Hall, G. E., Hord, S. M., & Rutherford, W. L. (1983, April). A multi­
dimensional approach for assessing implementation success (R&D Report No. 3157). 
Paper presented at the Annual Meeting of the American Education Research 
Association, Montreal. (ERIC Document Reproduction Service No. ED 250 328) 
Iowa Official Register. (1992). Area Education Agencies. Des Moines, Iowa: Secretary of 
State. 
Jockusch, E. A., & McLoughlin, P. J. (1990). Implementing the standards. Building k 
concepts for calculus in grades 7-12. Mathematics Teacher. £3(7), 532-540. 
Kaiser, H. F. (1974). An index of factorial simplicity. Psvchometrika. 39(1). 31-36. 
Kap, K. S. (1991). Elementary school teachers' attitudes toward mathematics. School 
Science and Math. £1(6), 265-270. 
Kim, J. 0., & Mueller, C. W. (1978). Factor analysis: Statistical methods and practical 
issues. Beverly Hills, OA: Sage. 
Kearsley, G. P. (1977). The cost of C.A.I.: A matter of assumption. AEDS Journal^ 10. 100-
110. 
Kolb, J. R., & Berenson, S. B. (1990). Improving leadership skills among high school 
mathematics teachers with collaborative research. A final report to the National 
Science Foundation. Raleigh, N. C.: Center for Research in Mathematics and Science 
Education. 
Kozuch, J. A, (1979). Implementing an educational innovation: The constraints of school 
setting. High School Journal, gg, 223-231. 
Kulik, C. L., Kulik, J. A., & Cohen, P. A. (1980). Effectiveness of computer-based education 
college teaching: A meta-analysis of findings. Review of Educational Research. 5Û, 
525-544. 
Kulik, C. L., & Kulik, J. A. (1986). Effectiveness of computer-based education in colleges. 
AEDS Journal. 12, 81-108. 
Kysh, J. (1991). Implementing the curriculum and evaluation standards: First year 
algebra. Mathematics Teacher. 84(9), 715-722. 
LaShier, W. S, (March, 1977). Levels of use of SCIS during the first two years of 
implementation. Paper presented at the annual meeting of the Association for the 
Education of Science Teachers, Cincinnati. 
106 
Leithwood, K A., & Montgomery, D. J. (April, 1982). Assumptions and uses of a procedure 
far assessing program implementation. Paper presented at the Annual Meeting of the 
American Educational Research Education, Boston, MA. 
Lepper, M. R. (1985). Microcomputers in education: Motivational and social issues. 
American Psychologist. 40, 1-18. 
Lightfoot, S. L. (1983). The good high school. New York: Basic Books. 
Loukcs, S. F., & Melle, M. (1980, April). Implementing innovations in schools: A 
concerns-based approach. Paper presented at the Annual Meeting of the American 
Educational Research Association, San Francisco. (ERIC Document Reproduction 
Service No. ED 206 109) 
Loucks, S. F., Newlove, B. W. & Hall, G. E. (1976). Measuring levels of use of the 
innovation: A manual for trainers, interviewers, and raters. Austin: Research and 
Development Center for Teacher Education, The University of Texas. 
Loucks, S. F. (1976). An exploration of levels of use of an innovation and the relationship to 
student achievement. Austin: Research and Development Center for Teacher 
Education, The University of Texas. 
Mc Coy, L. P., & Burton, J. K. (1988). The relationship of computer programming and 
mathematics in secondary students. Computers in the Schools. 4, 159-166. 
Mc Coy, L. P., & Dodl, N. R. (1989). Computer programming experience and mathematical 
problem solving. Journal of Research on Computing in Education. 22(1), 14-24. 
Mandinach, E. B., & Linn, M. C. (1986). The cognitive effects of computer learning 
environments. Journal of Educational Computing Research. 2,(4), 411-427. 
Manly, T. W. (1972). Identification of procedures used to facilitate educational change in 
selected Alabama school systems. Montgomery, AL: Alabama State Department of 
Education. (ERIC Document Reproduction Service No. ED 191 151) 
Mathematical Association of America. (1983). Recommendations on the mathematical 
preparation of teachers. CUPM Panel on Teachers Training. Washington, D.C.: 
Author. 
Middleton, J., & Others. (1991). Mathematics teachers' views about teaching as a 
profession: Final report of a four-vear longitudinal studv. A report the Urban 
Collaborative Documentation Project. Program report No. 91-4. Madison, Wisconsin: 
Center for Educational Research. 
Minium, E. W. (1978). Statistical reasoning in psychology and education (2nd ed.). New 
York: John Wiley & Sons. 
107 
Moore, S., Barrows, L., & Others. (1984). Curriculum implementation: A survey of 
teachers' levels of use of The Program and the Six-Year Old and Social and 
Environmental Studies (grades 6-6). Research report. Scarborough, Ontario: 
Canada: the Research Center, Scarborough Board of Education. 
Mumme, J., & Weissglass, J. (1989). The role of the teacher in implementing the 
Standards. Mathematics Teacher, gg, 522-526. 
Murphy, R. I., & Appell, L. R. (1977). Evaluation of the plato IV computer-based education 
svstem in the communitv college. Pricenton, New Jersey: Educational Testing 
Service. 
National Advisory Committee on Mathematics Education (NACOME). (1975). Overview 
and analvsis of school mathematics grades K-12. Washington, D.C.: Conferences 
Board of the Mathematical sciences. 
National Assessment of Educational Progress. (1979). Changes in mathematical 
achievement 1973-78. Denver: Author. 
National Assessment of Educational Progress. (1990). Assessing mathematics in 1990. 
Washington, D.C.: Council of Chief State School Officers. 
National Council of Supervisors of Mathematics. (1988, June). Essential mathematics for 
the 21st centurv. (Available from National Council of Supervisors of Mathematics, 
Essential Mathematics Task Force, 807 Broadway NE, Minneapolis, MN 55413) 
National Council of Teachers of Mathematics. (1980). An agenda for action: 
Recommendations for school mathematics of the 1980s. Reston, VA: Author. 
National Council of Teachers of Mathematics. (1989). Curriculum and evaluation 
standards for school mathematics. Reston, VA: Author. 
National Research Council (1989). Evervbodv counts: A report to the nation on the future of 
mathematics education. Washington, DC: National Academy Press. 
Neil, D. M., & Medina, N. J. (1989). Standardized testing: Harmful to educational health. 
Phi Delta Kannan. 2fi(9), 688-697. 
Oakes, J. (1985). Keeping track: How schools structure inequality. New Haven, CT: Yale 
University Press. 
Paulos, J. A. (1988). Innnumeracv: Mathematical illiteracy and its consequences. New 
York: Hill and Wang. 
108 
Paulos, J. A. (1991). Bevond numeracy. New York: Alfred Knopf. 
Peter, T. J., & Waterman, R. H. (1984). In search of excellence. New York: Warner 
Books. 
Pierce, A. J. (1981). Should vou be nutting innovations into use in vour industrial arts 
facilities? Paper presented at the annual convention of the American Vocational 
Association, Atlanta, GA, (ERIC Document Reproduction Services No. ED 211 668) 
Punch, K. F., & McTee, W. A. (1979). Accounting for teachers' attitudes towards change. 
Journal of Educational Administration. 17(2). 171-182. 
Ralston, A., & Joung, G. 8. (1983). The future of college mathematics. New York: 
Springer-Verlag. 
Research Advisory Committee. (1989). The mathematics education of underserved and 
imderrepresented groups: a continuing challenge. Journal for Research in 
Mathematics Education. 20, 371-375. 
Rouse, J. (1988). Knowledge and power: Toward a political philosoohv of science. Ithaca, 
New York: Cornell University Press. 
Rovan, T. E. (1990). Implementing the standards: Spatial sense. The geometry standards 
in K-8 mathematics. Arithmetic Teacher. 31(6), 24-28. 
Rutherford, W. L. & Loucks, S. F. (1979). Examination of the implementation of a junior 
high school's new approach to discipline by longitudinal analysis of change in 
teachers' Stages of Concern and Levels of Use. Paper presented at the annual meeting 
of the American Educational Research Association, San Francisco. 
Saxon, J. (1986, May 16). Classroom calculators add to math illiteracy. Wall Street 
Journal. 
Schmidt, D. A. (1991). Iowa survev of computer-related technology use bv K-12 teachers. 
Unpublished master's thesis, Iowa State University, Ames, Iowa. 
Sirotnik, K A., & Clark, R. W. (1988). School-centered decision making and renewal. 
Phi Delta Kappan. fi2(9), 660-664. 
Schoen, H. L., & Wickless, B. (1985). Mathematics teachers shortage: A complex issue (A 
three year study) (Report No. 4260-F13656-4/86). Des Moines, Iowa: State of Iowa 
Department of Public Instruction. 
109 
Simonson, M. R., & Thompson, A. E. (1990). Educational computing foundations. 
Columbus, Ohio: Merrill Publishing Co. 
Steen, L. A. (1990). On the shoulders of giants: New approachs to numeracy. Washington, 
D. C.: National Academy Press. 
Stein, M. K., & Wang, M. C. (1988). Teacher development and school improvement: The 
process of teacher change. Teaching and Teacher Education. ^(2), 171-187. 
Suydam, M. N. (1979). The use of calculators in pre-college education; A state of art review. 
Columbus, Ohio: Calculators Information Center. 
Thompson, C., & Rathmell, E. C. (1988). NCTM's standards for school mathematics, K-12. 
Arithmetic, Teacher, â&(9), 17-19. 
Tye, K. A. (1981). Changing our schools: The realities. A study of schooling in the United 
States. Technical report No. 30. Los Angeles; California University, Graduate School 
of Education. ERIC Document Reproduction Services No. ED 218-241. 
Weiss, I. (1988). Indicators of science and mathematics education. Providing tools for state 
policemakers. Washington, D.C.: Council of Chief State School Officers. 
Weissglass, J. (1991). Teachers have feelings: What we can do about it? Journal of Staff 
Development. 12(1), 28-33. 
Weissglass, J. (1990). Constructivist listening for empowerment and change. The 
Educational Forum. M(4), 351-370. 
Weissglass, J., Mumme, J., & Cronin, B. (1990). Fostering mathematical communication; 
Helping teachers help students. In L. Steffe & Wood (Eds.), International Perspectives 
on Transforming Earlv Childhood Mathematics Education. Hillsdale, NJ.: 
Lawrence Erlbaum Associates. 
Wiburg, K. (1989). Does programming deserve a place in the school curriculum? The 
Computing Teacher. 17, 8-11. 
Wiebe, J. H. (1987). Calculators and the mathematics classroom. Arithmetic Teacher. 
M(6), 57-60. 




The research for this dissertation were directed by Dr. Ann Thompson and Dr. Lynn 
Glass, co-chairs of my graduate committee. They contributed immensely to every aspect of the 
research, from technical content to exposition. It is not easy to imagine the completion of this 
dissertation without their expertise, meticulous guidance, experience and insight into the 
subject matter of the research. For this, I wish to express my deepest appreciation and 
gratitude. 
I wish to thank the other members of my committee: Dr. R. Thomas, Dr. T. McCormick, 
Dr. T. Andre, and Dr. R. Volker, for their ideas and advice at all stages of ray study. 
Recognition and appreciation is extended to Patsy Fagan, Head of Department of 
Mathematics at Drake University, for her valuable assistance on the first stages of the 
research. 
Many of my fellow graduate students not only contributed to some aspects of my research, 
but helped convert the potentially difficult and frustrating years of graduate study into a very 
enjoyable and memorable period of my life. Mandy Lively carefully read portions of chapters 
I, II, and III. Alyce Holland helped me with the writings of chapters IV and V. 
A big thank you must go to Iowa mathematics secondary teachers, who really made this 
study possible. 
My Iowa State University friends have given so much to me throughout this endeavor. 
Thank you to Antonio Mallarino and Alfred Blackmer from Agronomy Department. Your 





Human Subjects Approval Form 121 
Postcard 122 
Levels of Use Informal Interview Sheet 123 
Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section B of the Questionnaire 124 
Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section C of the Questionnaire (Subsection I) 125 
Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section C of the Questionnaire (Subsection II) 126 
Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section E of the Questionnaire 127 
Items of the Levels of Use Section Grouped 128 
Intercorrelation Matrix for Levels of Use Subscales 130 
Summary of Respondents' Survey Comments 131 
112 
IOWA STATE UNIVERSITY College of Education 
OF SCIENCE AND TECHNOLOGY Curriculum and Instruction 
N157 Lagomarcino Hall 
Ames, Iowa 50011-3190 
(515)294-9391 
TEACHER INFORMATION SURVEY 
Dear Teacher: 
You have been selected as a member of a sample of Iowa mathematics teachers. We would 
appreciate your completing this survey, which is part of a research project for the Curriculum and 
Instruction doctoral program of the undersigned student. 
The purpose of the survey is to provide information about mathematics education and the use of the 
Curriculum and Evaluation Standards for School Mathematics created by the National Council of 
Teachers of Mathematics. 
Please mail the completed survey in the enclosed envelope by November 30. Your participation in 
the study is voluntary and will be treated confidentially; you will remain anonymous, as the 
survey is coded for mailing purposes only. Individual responses will not be identified, and data 
will be analyzed and reported in terms of group phenomena only. It will take about fifteen 
minutes of your time. 
This study procedure has been approved by the Iowa State University Committee on the Use of 
Subjects in Research. 
Thank you in advance for cooperating in this research project. If you have any questions or are 




Curriculum and Instruction 
Dr. Ann Thompson 
Head of the Department of Curriculum and 
Instruction, Major Professor 
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Mathematics Teacher 
Demograph, Content, Philosophy, and Technology-use Data Survey 
A. DEMOGRAPHIC INFORMATION 
Please indicate the most appropriate response to the following: 
1. School district name 
2. School name 
3. Area Educational Agency # 
4. The highest degree I have earned (check one) 
Bachelor's Bachelor's plus graduate credits 
Master's Master's plus graduate credits 
Doctorate Other (Please specify on the Open-ended Response 
Sheet) 
5. Mathematics/mathematics education was, undergraduate 
Major 
Minor 
Neither major or minor 
6. Mathematics/mathematics education was graduate 
Major 
Minor 
Neither major or minor 
7. My gender is 
Female 
Male 
8. My current math teaching level is (check all that apply) 
10-12 
7-9  
4 -6  
K-3  
9. The number of years that I have taught mathematics, including this year, is 
1-3 yrs 11-20 yrs 
4-10 yrs 20 +yrs 






11. I currently belong to (check all that apply) 
Iowa Council of Teachers of Mathematics 
National Council of Teachers of Mathematics 
School Science and Mathematics Association 
Mathematical Association of America 
Other (Please specify on the Open-ended Response Sheet) 
None 
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For items #12-14, mark all of the activities in which you participate: 




Arithmetic Teacher and/or Mathematics Teacher 
School Science and Mathematics 
The Computer Teacher Journal 
















I have attended this/ these professional mathematics education meeting(s): 
Most every Some 
year years 
UNI Fall Mathematics Conference 
ICTM Mathematics Conference 
NCTM Regional and/or National Conference 
Other (Please specify on the Open-ended Response Sheet) 
I have published in this/these professional mathematics education journal(s) 
within the last five years: 
Some 
articles An article 
ICTM Journal 
Arithmetic Teacher/or Mathematics Teacher 
School Science and Mathematics 
Other (Please specify on the Open-ended Response Sheet) 
I have made a presentation at such a conference or workshop on mathematics education 
Local yes no 
Regional yes no 
State yes no 
National yes no 
I have a personal copy of the Professional Standards for Teaching Mathematics published by the 
National Council of Teachers of Mathematics (NCTM) in 1991. 
yes no 
I have read approximately this percent of the Professional Standards for Teaching Mathematics 
relating to my teaching level. 
0% 25% 50% 75% 100% 
I have attended in-services, workshops, courses, or sessions at conferences at which the 
Professional Standards for Teaching Mathematics has been discussed. 
yes no 
I am presently involved in developing a curriculum that reflects the goals set by the Curriculum 
and Evaluation Standards for School Mathematics. 
yes no 
On a scale of 1 to 5 regarding knowledge of the Curriculum and Evaluation Standards for School 
Mathematics , I rate myself as having: 
No knowledge Much knowledge 
1 2 3 4 5 
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B. Philosophy 
Please respond according to the strength of your agreement with each of the following 
statements. (Circle number of your answer) 
1 2 3 4 5 
Strongly Someniiat Neutral Somevtiiat Strongly 
Disagree Disagree Agree Agree 
24. Mathematics curricula should keep the classical sequence of arithmetic, 
algebra, geometry, and calculus 1 2 3 4 5 
25. Mathematics curricula should change to a sequence including measurement, 
graphing, algorithm, pattern, searching, shape, and number 1 2 3 4 5 
In 9'12 mathematics curricula, there should be increased emphasis on 
26. arithmetic drills modifying content and skills 1 2 3 4 5 
27. problem-solving in all areas of mathematics 1 2 3 4 5 
28. exploratory data analysis, statistics, probability 1 2 3 4 5 
29. textbook problems 1 2 3 4 5 
The algebra curriculum should be refocused 
30. by moving all kinds of graphing to the front of the course and 
using graphing as a context for the algebra you do all year 1 2 3 4 5 
31. because in future years, being able to write an equation is going to be 
more important than being able to solve one 1 2 3 4 5 
32. by regularly presenting geometric concepts after algebraic ones 1 2 3 4 5 
33. by omitting many rational expressions and radical simplification 
operations 1 2 3 4 5 
Ways in which to refocus traditional approaches to teaching might reasonably include: 
34. Allowing students to attempt problems and new material first, 
then respond to their questions 1 2 3 4 5 
35. Asking students to explain Ûieir work and their thinking both 
orally and in writing 1 2 3 4 5 
36. Asking students more complicated questions during assessment and 
helping them revise their initial responses 1 2 3 4 5 
When we use computer technologies, 
37. they furnish a link between geometry and algebra 1 2 3 4 5 
38. they furnish a link between algebra and statistics 1 2 3 4 5 
39. they furnish a link between real-world problems situations and 
associated mathematical models 1 2 3 4 5 
40. they should use existing math software and not emphasize programming 1 2 3 4 5 
Graphing calculators allow students to use the power of visualization to: 
41. solve easily equations and inequalities that are imposible to solve 
by pencil and paper algebraic techniques 1 2 3 4 5 
42. explore and investigate the behavior of numerous classes of functions, 
which is not usually possible with only pencil and paper 1 2 3 4 5 
43. foreshadow many important concepts of calculus, such as limits, 
derivatives, solving optimization problems 1 2 3 4 5 
44. furnish a second practical way (visual) in which to view and check 
algebraic manipulations 1 2 3 4 5 
45. gain skills that will improve standardized tests scores (SAT, ACT, AP, etc.) 1 2 3 4 5 
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C. TYPE OF TECHNOLOGICAL TOOLS 
We are trying to determine with what frequency these technologies are being used for mathematics 
instruction. Please circle the number indicating the approximate number of times that you have used these 
computer technologies in your math classes/iassignments during the 1991-92 school year. 
unfamiliar with sometimes often quite often 
this terminology never (1-4 times a year) (5-10 times a year) (more than 10 times a year) 
1 2 3 4 5 
Fw classroom For students 
demonstration assignments 
1. Spreadsheet 12345 12345 
2. Data base 12345 12345 
3. Graphic generator (e.g., Green Globs ) 12345 12345 
4. Learning environments (e.g., Logo ) 12345 12345 
5. HyperCard math applications 12345 12345 
6. Networks (e.g., electronic mail ) 1 2 3 4 5 1 2 3 4 5 
7. Tutorials 12345 12345 
8. Drill and practice 12345 12345 
9. Expert Systems (e.g., proof 
checkers and proof tutors) 12345 12345 
10. Computer Algebra Systems (CAS) such as 
IBM Mathematics Exploration Tool Kit 12345 12345 
Mathematica ™ 12345 12345 
Derive 12345 12345 
Math Cad 12345 12345 
Geometric Supposer 12345 12345 
11. Calculators used; 
Arithmetic 12345 12345 
Scientific 12345 12345 
Graphic 12345 12345 
Business 12345 12345 
Symbolic 12345 12345 
Fraction 12345 12345 
12. APPLE MBL (Microcomputer Based Lab) 12345 12345 
13. IBM MBL (Microcomputer Based Lab) 12345 12345 
14. Other (Microcomputer Based Lab) 12345 12345 
15. Programming languages, for learning 
mathematics concepts such as 
Basic 12345 12345 
Logo 12345 12345 
Pascal 12345 12345 
Other 12345 12345 
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D. Levels of Use Section 
Introduction 
For each statement below, "innovation" refers to the Curriculum and Evaluation 
Standards for School Mathematics (NCTM Standards). The purpose of this section is to determine 
various states of use, i.e, what die user is doing during the innovation-adoption process. For the 
items of which you have little or no knowledge, mark "0". Increasingly greater numbers 
indicate increasingly more knowledge. 
For example: 
This statement is very true of me at this time 
This statement is somewhat true of me now 
This statement is not at all true of me at this time 
This statement seems irrelevant to me 
0 1 2 3 4 5 6 1 
0 1 2 3 i 5 6 7 
0 1 2 3 4 5 6 7 
D 1 2 3 4 5 6 7 
Please respond to the items in terms of degree of vour current use or potential adoption of the 
Standards. 
Levels of Use-Items 
0  1 2 3 4 5 6 7  
Irrelevant Not true of me now Somei%iiat true of me now Very true of me now 
1. Little preparation is being given to implement the Standards 01234567 
2. I'm using the Standards in coordination with other teachers ... 01234567 
3. I don't see in the near future my learning anything about the 
S tanda rds  0 1 2 3 4 5 6 7  
4. I'm not really sure what I'll be doing with the Standards 
later this year, or what its effects are and will be 01234567 
5. I'm developing intermediate and long-range plans to anticipate 
possible and needed steps to implement the Standards 01234567 
6. I'm looking at materials pertaining to the Standards and I'm 
considering using them in the future 01234567 
7. I'm going to start using the Standards next semester 01234567 
8. I'm planning for logistic, time, management, resources, 
related primarily to immediate ongoing use of the Standards .. 0123456 7 
9. I'm using the Standards with modifications 01234567 
10. I'm spending time and energy collaborating with others 
about using of the S tanda rds  0 1 2 3 4 5 6 7  
11. We've done evaluations, but all the feedback has been good, so we 
really have not made any changes based on feedback 01234567 
12. I'm not using the Standards and have no plans to 01234567 
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Levels of Use-Items (Cont.) 
0  1 2 3 4 5 6 7  
Irrelevant Not true of me now Some\i4iattnieofmenow Very true 
13. I'm seeking information and resources related 
to preparation for use of the Standards in my own setting 0 1 2 3 4 5 6 
14. I've attended a workshop or sat in on a class in which teachers 
were using the S tanda rds  0  1  2  3  4  5  6  
15. I'm looking through all these materials, attending workshops 
and getting organized to use the Standards 0 1 2 3 4 5 6 
16. I'm trying to master the tasks required to use the Standards. 
often resulting in disjointed and superficial use 0 1 2 3 4 5 6 
17. Most of my effort is going into organizing materials and keeping 
things going as smoothly as possible every day 0 1 2 3 4 5 6 
18. I'm making changes in use of the Standards in coordination 
with others 0 1 2 3 4 5 6 
19. I discuss some of the things that seem to be working best 
with my students and I'm changing others than aren't 
as effective as I'd like 0 1 2 3 4 5 6 
20. I'm considering or exploring new ways that could be used 
to implement the present Standards 0 1 2 3 4 5 6 
21. I've heard of the Standards^ but this time I'm not interested in 
learning any more about them 0 1 2 3 4 5 6 
22. I've been familiarizing with other departments or persons 
the progress of the S tanda rds  0  1  2  3  4  5  6  
23. I've set aside time every week for studying materials about the 
Standards and talking to people about the possibility of using them 0 1 2 3 4 5 6 
24. I'm exploring and experimenting with alternative 
combinations of the Standards with existing practices 0 1 2 3 4 5 6 













E. YOUR MATHEMATICS TEACHING IN A PARTICULAR CLASS 
The questions in this section relate to your mathematics teaching in a particular class. Think about 
your plans for this mathematics class for the entire course, 














Become interested in mathematics 
Learn basic mathematics concepts 
Learn important terms and facts 
in mathematics 
Integrate mathematics instruction with 
instruction in other subjects 
Prepare for further study in 
mathematics 
Develop problem solving/ 
inquiry skills 
Learn to evaluate arguments 
based on scientific evidence 
Learn to communicate ideas 
in mathematics effectively 
Become aware of the importance of 
mathematics in daily life 
Learn about applications of 
mathematics 
Learn about the career relevance 
of mathematics 
Learn about the relationship 
between mathematics, technology, 
and society 
Learn about the history of 
mathematics 
Develop skill in hands-on 
computer laboratory techniques 
How much emphasis will each of the following 
None 
(Circle one on each line.) 
Very 












F. GENERAL COMMENTS 
1. In your opinion, what must be the Tole(s) of computer technologies in order to enhance implementation of 
the Standards ? 
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2. In addition to some specific factors listed in Part B, do you have any comments about the Standards 
which could help determine: 
a. Their value (e.g., philosophical direction; as a curriculum guide to practical strategies; in self-
assessment, etc). ? 
b. How to implement them better ? 
c. Revisions (to the content of the Standards) you feel necessary ? 
3. Please make any specific comments that will help determine this questionnaire validitv as a 
teacher self-report instrument: 
a. Its organizaton (e.g., order of questions, ease of use, scope; etc). 
b. Revision (or addition) to questions 
c. Other 
****************************.******************************************* 
After completing the questionnaire, please tape it, closed and mail it. Surveys should be 
returned to Curriculum and Instruction, N157 Lagomarcino Hall, Iowa State University. 
Thank you again for your time and effort in helping us to complete this research. 
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Last  Name  of Pr inc ipa l  Inves t iga tor  Egaueda 
Checklist Tor Attachments and Time Schedule ^ 
The rollowing are attached (please check): 
12. (xl Letter or written statement to subjects indicating clearly: 
a) purpose of the research 
b) the use of any identifier codes (names, H's). how they will be used, and when they will be 
removed (sec Item 17) 
c) an estimate of time needed for participation in the research and the place 
d) if applicable, locadon of the research activity 
e) how you will ensure confidentiality 
f) in a longitudinal study, note when and how you will contact subjects later 
g) participation is voluntary; nonparticipation will not affect evaluations of the subject 
13.0 Consent form (if applicable) 
14. • Letter of approval for research kom cooperadng organizations or institutions (if applicable) 
15.(3 Data-gathering instruments 
16. Andcipated dates for contact with subjects: 
First Contact Last Contact 
Nov. 21, 1992 Jan. 31, 1993 
Month / Day / Year Month/Day/Year 
17. If applicable; anticipated date that idendfiers will be removed from completed survey instruments and/or audio or visual 
tapes will be erased: 
Feb. 15,  1992 
Month / Day / Year 
13. Signature of Departmental Executive Officer Date Department or Administradve Unit 
CiJlzi^icuu/H AL'P 
19. Decision of the University Human Subjects Review Committee; 
Project Approved Project Not Approved No Action Required 
P a t r i c i a  H .  K e i t h  
Name of Comraiiuie Chairperson , Dafc ' Signatu/e of Committee Cha'uperson 
p)7)/<kyH^  
r
G C : 1 / 9 0  
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POSTCARD 
Several weeks ago you were mailed a questionnaire regarding information of the Curriculum and 
Evaluation Standards for School Mathematics (Standards). You have been selected as a member of a 
sample of Iowa mathematics teachers, so your information is extremely important to complete this study. 
If you have already completed and returned it to me please accept my sincere thanks. If not, please do 
so today. 
If by some chance you did not receive the questionnaire, it got misplaced, please call me right now at ( 
515)(294-5960) and I will mail you one today. Thank you for your help in this research project. 
Sincerely, 
Elio Esqueda 
2523 Agronomy Hall 
Iowa State University 
Ames, Iowa 50011 
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Level of Use Informal Interview Rating Sheet 
Introduction 
1. Preamble: brief self-introduction, etc. 
2. Why and what the study is all about. 
3. Trying to find out about your use of the Standards. 
4. Purpose is to provide informal information about the Standards. 
5. I'd like to thank you for giving me the opportunity to ask you some questions about 
teaching. 
6. Re: Something about the recorder. 
7. Focus Interview-set questions. 
LoU Rating Sheet 
Tape # Site: Interviewer: 
Date: I D. # 
Level Knowledge Information Sharing Assessing P lann ing  Overall LoU 
Non-Use 
D.P. A 
0 0 0 0 0 0 
Orientation 
p.p. B 
I I I I I I 
Preparation 
D.P. C 
II II II II II II 
Mechanical 
D.P. D-1 
III III III III III III 
Refinement 
D.P. E 
IV IV IV IV IV IV 
Integration 
D.P. F 
V V V V V V 
Renewal VI VI VI VI VI VI 
User is ND 
not doing 
Not Information 













Frequency Distributions, Percentages, Means, and Standard Deviations 
















agree(%) M S.E 
24 17(8.6) 56(28.3) 34(17.2) 60(30.3) 31(15.7) 3.16 1.24 
25 12(6.1) 28(14.1) 62(17.2) 79(39.9) 17(8.6) 3.30 1.01 
26 43(22.7) 68(35.1) 57(29.4) 24(12.4) 2(1.0) 2.35 0.99 
27 0(0.0) 0(0.0) 1(0.5) 60(30.3) 137(69.2) 4.68 0,47 
28 0(0.0) 7(3.6) 17(8.6) 107(54.3) 66(33.5) 4.17 0.73 
29 17(8.6) 63(31.8) 75(38.1) 37(18.8) 5(2.5) 2.74 0.94 
30 8(4.1) 38(19.3) 87(44.2) 52(26.4) 12(6.1) 3.11 0.92 
31 5(2.5) 23(11.7) 74(37.6) 72(36.5) 23(11.7) 3.43 0.93 
32 0(0.0) 15(7.7) 60(30.6) 104(53.1) 17(8.7) 3.62 0.75 
33 14(7.1) 41(20.7) 44(22.20 69(34.8) 30(15.2) 3.30 1.16 
34 5(2.5) 22(11.1) 47(23.7) 69(34.8) 30(15.2) 3.30 1.16 
35 0(0.0) 4(2.0) 10(5.1) 96(48.5) 88(44.4) 4.35 0.67 
36 0(0.0) 9(4.5) 40(20.2) 110(55.6) 39(19.7) 3.90 0.75 
37 1(0.5) 10(5.1) 59(29.8) 99(50.3) 28(14.2) 3.72 0.78 
38 0(0.0) 4(2.1) 52(26.7) 106(54.5) 33(16.9) 3.86 0.70 
39 0(0.0) 0(0.0) 35(17.8) 112(56.9) 50(25.4) 4.07 0.65 
40 4(2.1) 36(18.5) 50(25.6) 55(28.2) 50(25.6) 3.57 1.12 
41 4(2.0) 15(7.6) 38(19.2) 81(40.9) 60(30.3) 3.89 0.98 
42 0(0.0) 3(1.5) 18(9.1) 84(42.4) 93(47.0) 4.34 0.70 
43 0(0.0) 11(5.6) 50(25.3) 76(38.4) 61(30.8) 3.94 0.88 
44 0(0.0) 4(2.0) 22(11.1) 73(36.9) 99(50.0) 4.34 0.75 
45 7(3.5) 22(11.1) 87(43.9) 59(29.8) 23(11.6) 3.34 0.94 
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Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section C of the Questionnaire (Subsection I) 




1 2 Never(%) 3 Sometimes(%) 4 Often(%) 5 Quite often(%) M S.D. 
01 8(4.1) 122(62.9) 54(27.8) 7(3.6) 3(1.5) 2.35 0.69 
02 7(3.6) 143(72.6) 40(20.3) 2(1.0) 5(2.5) 2.26 0.66 
03 30(15.6) 75(39.1) 49(25.5) 23(12.0) 15(7.8) 2.57 1.12 
04 32(16.5) 133(68.6) 22(11.3) 7(3.6). 0(0.0) 2.02 0.65 
05 44(22.4) 137(69.9) 13(6.6) 1(0.5) 1(0.5) 1.86 0.58 
06 38(19.3) 141(71.6) 14(7.1) 4(2.0) 0(0.0) 1.91 0.58 
07 14(7.1) 84(42.6) 68(34.5) 23(11.7) 8(4.1) 2.62 0.92 
08 9(4.6) 82(41.6) 62(31.5) 26(13.2) 18(9.1) 2.80 1.03 
09 73(37.1) 115(58.4) 5(2.5) 4(2.0) 0(0.0) 1.69 0.62 
10(a) 63(32.8) 102(53.1) 20(20.4) 6(3.1) 1(0.5) 1.85 0.76 
10(b) 65(33.2) 124(63.3) 3(1.5) 2(1.0) 2(1.0) 1.73 0.64 
10(c) 71(36.2) 122(62.2) 2(1.0) 1(0.5) 0(0.0) 1.65 0.52 
10(d) 64(32.7) 130(66.3) 2(1.0) 0(0.0) 0(0.0) 1.68 0.48 
10(e) 32(16.3) 107(54.6) 34(17.3) 22(11.2) 1(0.5) 2.25 0.87 
11(a) 2(1.0) 28(14.4) 21(10.8) 14(7.2) 130(66.7) 4.24 1.17 
11(b) 2(1.0) 16(8.2) 15(7.7) 18(9.2) 144(73.8) 4.46 1.01 
11(0 2(1.0) 44(22.7) 39(20.1) 26(13.4) 83(42.8) 3.74 1.25 
11(d) 15(7.9) 123(64.4) 27(14.1) 12(6.3) 14(7.3) 2.40 0.98 
11(e) 23(12.0) 124(64.9) 23(12.0) 10(5.2) 11(5.8) 2.27 0.94 
11(f) 14(7.3) 99(51.6) 22(11.5) 13(6.8) 44(22.9) 2.86 1.33 
12 33(17.2) 97(50.5) 33(17.2) 13(6.8) 16(8.3) 2.38 1.10 
13 40(20.6) 138(71.1) 8(4.1) 4(2.1) 4(2.1) 1.93 0.71 
14 37(19.5) 146(76.8) 3(1.6) 2(1.1) 2(1.1) 1.87 0.57 
15(a) 8(4.1) 117(59.4) 37(18.8) 19(9.6) 16(8.1) 2.58 1.00 
15(b) 16(8.2) 170(87.2) 4(2.1) 3(1.5) 2(1.0) 2.00 0.50 
15(c) 14(7.1) 166(84.7) 7(3.6) 3(1.5) 6(3.1) 2.08 0.66 
15(d) 16(8.4) 171(89.5) 2(1.0) 1(0.5) 1(0.5) 1.95 0.40 
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Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section C of the Questionnaire (Subsection II) 











Quite often(%) M S.D. 
01 8(4.3) 135(7304) 35(19.0) 2(1.1) 4(2.2) 2.23 0.64 
02 5(2.5) 151(81.6) 23(12.4) 1(0.5) 5(2.7) 2.18 0.61 
03 24(13.2) , 92(50.5) 33(18.1) 17(9.3) 16(8.8) 2.50 1.11 
04 24(13.3) 135(74.6) 19(10.5) 2(1.1) 1(0.6) 2.01 0.57 
05 33(18.0) 141(77.7) 8(4.4) 1(0.5) 0(0.0) 1.87 0.48 
06 33(18.0) 139(76.0) 9(4.9) 2(1.1) 0(0.0) 1.89 0.51 
07 12(6.6) 92(50.5) 53(29.1) 14(7.7) 11(6.0) 2.56 0.94 
08 7(3.8) 82(44.8) 46(25.1) 25(13.7) 23(12.6) 2.86 1.10 
09 60(33.0) 109(59.9) 7(3.8) 6(3.3) 0(0.0) 1.77 0.67 
10(a) 51(28.5) 104(58.1) 20(11.2) 1(0.6) 3(1.7) 1.88 0.74 
10(b) 56(30.9) 119(65.7) 2(1.1) 4(2.2) 0(0.0) 1.74 0.58 
10(c) 59(32.6) 119(65.7) 3(1.5) 0(0.0) 0(0.0) 1.69 0.49 
10(d) 58(32.0) 120(66.3) 3(1.7) 0(0.0) 0(0.0) 1.69 0.49 
10(e) 31(16.9) 105(57.4) 30(16.4) 15(8.2) 2(1.1) 2.19 0.85 
11(a) 0(0.0) 25(13.4) 8(4.3) 13(7.0) 140(75.3) 4.44 1.07 
11(b) 4(2.2) 16(8.6) 9(4.8) 6(3.2) 151(81.2) 4.52 1.06 
11(c) 5(2.7) 58(31.5) 26(14.1) 17(9.2) 78(42.4) 3.57 1.37 
11(d) 16(8.7) 125(67.9) 19(10.3) 7(3.8) 17(9.2) 2.37 1.02 
11(e) 23(12.5) 123(66.8) 18(9.8) 6(3.3) 14(7.6) 2.26 0.98 
11(f) 14(7.6) 94(50.8) 17(9.2) 6(3.2) 54(29.2) 2.95 1.42 
12 31(17.2) 93(51.7) 24(13.3) 17(9.4) 15(8.3) 2.40 1.13 
13 38(21.1) 125(69.4) 10(5.6) 0(0.0) 7(3.9) 1.96 0.78 
14 35(19.2) 136(76.4) 2(1.1) 3(1.7) 2(1.1) 1.88 0.60 
15(a) 7(3.8) 118(64.5) 27(14.8) 14(7.1) 17(9.3) 2.54 1.02 
15(b) 14(7.8) 159(88.8) 2(1.1) 4(2.2) 0(0.0) 1.97 0.42 
15(c) 13(7.3) 153(86.0) 4(2.2) 2(1.1) 6(3.4) 2.07 0.66 
15(d) 14(8.1) 156(90.2) 1(0.6) 1(0.6) 1(0.6) 1.95 0.40 
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Frequency Distributions, Percentages, Means, and Standard Deviations 
for Section E of the Questionnaire 
Mathematics teaching objectives in a particular class 
Minimal Moderate Heavy Very heavy 
Item None emphasis emphasis emphasis emphasis 
1(%) 2(%) 3(%) 4(%) 5(%) 6(%) M S.D 
1 2(1.0) 5(2.5) 17(8.6) 55(27.8) 81(40.9) 38(19.2) 4.62 1.03 
2 1(0.5) 2(1.0) 9(4.5) 26(13.1) 71(35.9) 89(44.9) 5.17 0.95 
3 0(0.0) 0(0.0) 12(6.1) 38(19.2) 88(44.4) 60(30.3) 4.99 0.86 
4 1(0.5) 17(8.6) 34(17.2) 65(32.8) 52(26.3) 29(14.6) 4.19 1.17 
5 0(0.0) 0(0.0) 2(1.0) 21(10.6) 94(47.5) 81(40.9) 5.28 0.69 
6 0(0.0) 0(0.0) 0(0.0) 15(7.6) 87(43.9) 96(48.5) 5.40 0.62 
7 2(1.0) 5(2.5) 44(22.2) 51(25.8) 72(36.4) 24(12.1) 4.30 1.08 
8 0(0.0) 1(0.5) 2(1.0) 50(25.3) 93(47) 52(26.3) 4.97 0.77 
9 0(0.0) 3(1.5) 8(4.0) 43(21.7) 85(42.9) 59(29.8) 4.95 0.90 
10 0(0.0) 1(0.5) 1(0.5) 23(11.6) 113(57.1) 60(30.3) 5.16 0.67 
11 0(0.0) 8(4.0) 15(7.6) 63(31.8) 74(37.4) 38(19.20 4.60 1.01 
12 0(0.0) 3(1.5) 23(11.6) 58(29.3) 78(39.4) 35(17.7) 4.62 0.98 
13 12(6.1) 57(28.8) 64(32.3) 45(22.7) 14(7.1) 6(3.0) 3.05 1.14 
14 18(9.1) 41(20.7) 48(24.2) 52(26.3) 23(11.6) 16(8.1) 3.34 1.38 
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Items of Levels of Use Questionnaire Grouped 
Level 0 (Non-Use) 
3. I don't see in the near future my learning anything about the Standards 
12, I'm not using the Standards and have no plans to 
21. I've heard of the Standards, but this time I'm not interested in 
learning any more about diem 
Level I (Orientation) 
6. I'm looking at materials pertaining to the S tandards  and I'm considering using them in the 
future 
14. I've attended a workshop or sat in on a class in which teachers were using the Standards 
23. I've set aside time every week for studying materials about the Standards and talking to 
people about the possibility of using them 
Level II (Preparation) 
7. I'm going to start using the Standards next semester 
13. I'm seeking information and resources related to preparation for use of the Standards in my 
own setting 
15. I'm looking through all these materials, attending workshops 
and getting organized to use the Standards 
Level III (Mechanical) 
4. I'm not really sure what I'll be doing with the Standards later this year, or what its effects are and 
will be 
8. I'm planning for logistic, time, management, resources, related primarily to immediate 
ongoing use of the Standards 
16. I'm trying to master the tasks required to use the Standards, often resulting in disjointed and 
superficial use 
17. Most of my effort is going into organizing materials and keeping things going as smoothly as 
possible every day 
Level IVA (Routine) 
I. Little preparation is being given to implement the Standards 
II. We've done evaluations, but all the feedback has been good, so we really have not made any changes 
based on feedback 
25. I've made few and little changes in ongoing use of the Standards 
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Level IVB (Refinement) 
5. I'm developing intermediate and long-range plans to anticipate possible and needed steps to 
implement the Standards 
19. I discuss some of the things that seem to be working best with my students and I'm changing 
others than aren't as effective as I'd like 
24. I'm exploring and experimenting with alternative combinations of the Standards with 
existing practices 
Level V (Integration) 
2. I'm using the Standards in coordination with other teachers 
10. I'm spending time and energy collaborating with others about using of the Standards 
18. I'm making changes in use of the Standards in coordination with others 
Level VI (Renewal) 
9. I'm using the Standards with modifications 
20. I'm considering or exploring new ways that could be used to implement the present Standards 
22. I've been familiarizing with other departments or persons the progress of the Standards 
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Intercorrelation Matrix for Levels of Use Subscales 
Correlation coefficients 
LoU subscales I II III IVA IVB V VI VII 
I 1.00 0.38 0.36 0.41 -0.21 0.02 -0.50 0.01 
II 1.00 0.56 0.55 -0.18 0.15 -0.85 -0.23 
III 1.00 0.85 0.01 0.18 -0.83 0.02 
IVA 1.00 0.11 0.27 0.37 0.59 
IVB 1.00 0.31 0.42 0.61 
V 1.00 0.71 0.67 
VI 1.00 0.89 
VII 1.00 
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Summary of Respondents' Survey Comments 
Comments on the Standards 
1. They are useful, but administrators who do not have a mathematics background appear to treat the 
Standards as "mathematicians pushing mathematics teachers". We need to get away from 
assessments based primarily on testing especially for answers. More emphasis on mathematics for 
communication for all students. 
2. We have spent so much time trying to implement Outcome Based Education that implementation 
of the Standards is difficult. We just don't get the time to study and discuss them with the 
administrative demands to address other issues (i.e., How do we teach problem-solving without 
suggesting that students need to take more math courses ?). 
3. Better textbooks. 
4. I think the Standards are more ideological that practical. Teachers need time during the day to 
plan. Also, it will be help if the textbooks emphasized them more. 
5. Have switched to "Chicago Project" (UCSMP) materials in algebra presently maintaining, 
trying calculus. Can't see dropping this and replace with statistics. Difficult to just add courses. 
When current textbooks develop materials to implement them, the Standards books may give one 
example, to a meeting, they use the same example. We need 100 examples. To get topics included 
probably need to go on integrated curriculum. 
6. Incorporate the ADDENDA materials. 
7. Have monev. time, and inservice provided to leam them and how to apply them. 
8. I really don't know what the "Standards " are. I have my own curriculum guides and that what I 
use for my classes. 
9. The ADDENDA series is a big aid in the sense that the lesson are ready to go. 
10. Get the textbooks to change. 
11. Unfortunately it may take time to clearly see how well the Standards will serve today's students, 
but increased standardized math test may help. Supplement current textbooks. Have a sharing 
newsletter with lessons, ideas that are being used. 
12. Training and time to do so. 
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13. Too much emphasis on everyday applications. I think they will be less prepared for college. 
14. Curriculum directors have not accepted the Standards. They believe to ignore them. 
15. There are good goals, objectives, etc., in the Standards and the ADDENDA SERIES is very 
helpful in working on/toward them. With 6 classes ( 6 Preps) and a study hall, my biggest problem 
is time. We need more materials like ADDENDA. 
16. I think we need to work on more writing and higher levels issues. 
17. Develop projects for students to complete in groups which requires them to incorporate all topics: 
Stat, graphing, geometry, etc. 
18. Revision on student project ideas. 
19. Some guidance from the state. 
20. Some ideas I agree with their content. Other are unacceptable. 
21. We need individual planning time to implement the Standards. 
22. Revision to the Standards should include less estimation. 
23. The Standards seem to reflect what business want us to teach. 
24. I disagree with some of the topics to be stressed less. 
25. More time needed to just see them in good use. 
26. No presently knowledgeable enough. 
27. Need fund ing  and training. 
28. I'd like to see the ideas of the Standards for "connections" between the areas of study become 
reality. 
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29. There needs to be a lot of work done between departments and this will take time. 
30. None revisions to the Standards, yet, we haven't implemented the present ideas enough to change 
them already. 
31. Teacher need time to work with this. 
32. We discuss and apply them, but I can't say I've actually "read" them. 
33. Have more concrete examples of Units for teachers to model and help organize themselves. 
Some Standards to high far level, some of them never getting that far, detailed. 
34. I don't teach Algebra II, Algebra III and Calculus something I don't use and I feel bad saying I 
never do. 
35. NCTM Standards are on right track ! I believe they should be taught in an interdisciplinary 
settings. 
36. Valuable only if adequate funds & time in teacher training & implementation. 
37. The Standards are excellent guide, but teachers need free time to allow for more discussions. 
Address strategies for more implementation. 
38. It could be useful if teachers could visit classrooms in which the Standards are being 
implemented. 
39. They need to be kept current. Work now to do the second edition. Do nflt let them die in the shelf. 
Better integrated textbooks like UCSMP. Revise core curriculum and clarity, more graphing 
calculators and less computer. 
40. More time for teachers to get together and Standards' experiences. 
41. Revision should include a section on teaching of problem solving heuristic techniques. 
42. Very good guide, but workshops needed to help teachers implement them. 
43. Workshops, and time ! 
44. I don't see the "Standards" as a bible. 
134 
45, Their value is definitely philosophical. 
46. We must get textbooks companies to adapt them. 
47. At this time without necessary material to implement, they are worthless. In the future, possible 
of value. We need better materials and time to re-leam how to teach. I don't agree with text 
organization in textbooks. 
48. The Standards must be started in elementary and worked up thus senior high will be behind for a 
new years-students need the background. More background for elementary teachers. 
49. They appear to be written by someone who wants to sell something. As advertising they are good, 
as philosophy they are lacking. Wait until the text-book is written to implement them. 
50. Any revision now is good. Students are wallowing in disinterest until something spark their 
interest, technology help in this situation. The use of technology might help to implement the 
Standards and find real-life setups to units to convince students math is worth learning. 
51. I need time to finish reading the Standards. The world doesn't stand still until we all read the 
volume of talk on the "Standards". 
52. The new ADDENDA books were of great help to the Standards. They are very valuable. A good 
source for class problems. I'd like to see a more definite time line for when we should be at certain 
point. 
Comments, on Computer Technology Role 
1. Aid in visualization of math concepts, take care of the tedious calculations and manipulations. 
2. A very user friendly system that leaves room for exploration. 
3. Classes have to have regular access to computer technologies to use them in implementing the 
Standards. Computer technologies for the study and use of math would greatly enhance learning in 
math, cost become prohibitions. 
4. Could be important if the right software is developed. 
5. Both high schools and colleges need to allow greater use of computers and calculators in the 
classroom. If the H.S. uses the computer and graphic calculators and the colleges do not, then the 
student is the one who is hurt. 
6. Schools must be better equipped with computer (MAC's) and software plus teachers need to be given 
the time & training to use them. 
135 
7. Our facilities make this impractical. 
8. use as a visual link. 
9. Students use them whenever they need. Absolutely no limitations. 
10. We must have computer available everyday for math students to use. 
11. Heavy use is necessary, however financial constraints and lack of labs hold us back. 
12. Funding should be increased so that every child can use a computer in the classroom. 
13. First, the technology must be available. I'd love to use more, but our lab is tied up with computer 
classes. Funds for additional hardware & software, a top priority !! . 
14. Include Geometry Sketchpad in technology use section. 
15. Technology must integrated as a tool just like a pencil. Students must be taught to use available 
tools. 
16. Very little use, we must not allow the computer to become a crutch, so that the students don't have 
to think. 
17. Take the drudgery out of problem solving and improve the time and errors of human 
calculations. Also , utilize graphing and solving capabilities to learn mathematics at deeper level. 
18. Not necessary, but helpful is available. 
19. Don't know. 
20. Enough computers in each classroom, so one can implement a program. 
21. Teaching staff needs to be on a continuous inservice with th<j use of software available to teach 
the Standards. 
22. Computer must help lead the way. 
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23. Computer education is a department of its own taught outside of math department. I do not have a 
computer in my classroom or at home. 
24. I don't care about computer use. 
25. I think computer and related technology should be considered and use in increasing way across 
the curriculum. 
26. Have computers in the classrooms. Good programs that school can afford. 
27. It serve as excellent motivator for the students. It allows lower level student to success and 
understand the higher level topics. 
28. It can enhance problem solving by doing away with tedious tasks as long as students can 
perform the basic operations. 
29. Use computers to reduce mundane algorithms and speed manipulations. Change focus to 
understandings applications; move away from manipulations. 
30. The computer has to be utilize much more in the classroom and assignments. 
31. Computers must be used as part of the class most of the year. 
32. They should eventually be integrated into every classroom. Modern hardware and software 
must first arrive. 
33. Technology must become available for group use in a classroom settings. 
34. As an aid to solving problem set up by students. 
35. The programs must be of ready use, easily put into the classroom. 
36. We only have one computer available on a check-out basis. 
37. Students need to realize and feel comfortable with how technology has helped them and will 
continue to do so. 
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38. I would like each student at their own PC or terminal. 
39. Equipment must be available when needed. 
40. To bring the different areas of study together for problem solving. The computer can handle the 
algorithm, and drill work, and the level of problem solving can be raised and enhanced. 
41. It offers an interactive environment, so they can see results of their work and receive help if 
needed. 
42. Using computers allow students to solve difficult, realistic problems, leaving the mechanics to 
calculation to the computer. Computers allow fast answers to "what if questions, and help visualize 
solutions. 
43. Computers will allow us to teach relevant math that will reflect the actual use of math in today's 
world. 
44. Hand-held graphing calculators have the greatest chance for bringing about implementation of 
the Standards. Students must have access to these, outside the class. 
(e.g., Tl-81, 85, etc.). 
45. Schools need to provide adequate computers facilities hardware, training before we can use 
computers to enhance implementing the Standards. 
46. Technology is very important, but school does not provide moneys for access. 
47. Computers should be used as tools in exploration and discovery. 
48. The graphic calculators can do almost all of the computer math. Every should be able to use one 
and teaching should reflect for more specialized applications. 
49. Graphing calculators is much more accessible. 
50. The role of computer technology will be the vehicle to allow the Standards to become reality. 
51. Students need to use the computer as learning device, not have teachers them as presentation 
tools. 
52. Schools have to able to afford computers as a learning device and inservice teachers before 
anything can happen. 
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53. Paramount ! 
54. Technology is very, very important, but where the money come from ? 
55. Teacher are needed to be trained on the specific of where computers are going to benefit students 
beside word-processing and some programming. 
56. Time must be set aside for teachers to learn how to use the software. You can't expect a teacher to 
spent several hours after school to do this, there is to much paper work to stay late and learn about 
technology. 
57. I have no idea, I don't know. 
58. Teachers will need more relevant training to use computer effectively with the Standards. 
59. Technology handouts. Teachers need more time-free classroom and provide money. 
60. Allow students the opportunity to visualize math. 
61. I feel computer technology is going to be a very important part of the implementation of the 
Standards. I wish our school had better computer availability. 
62. In this days and age every student needs to be computer literate. The main role in the classroom 
is to enhance problem solving by allowing for experimenting and exploration. 
63. They should be an additional teaching/learning device for the purpose of experimentation and 
the development of teaching skills. 
64. More computers available. Some brand in one school (We have Apples, IBM, Panasonic). 
Software must be available at reasonable rates because trying to write programs is waste of time 
when so many are on the market. 
65. Our computer programming is done in the Science department (Apples). Our business 
department has word processing lab with (IBM). 
66. Malcp more "user friendly" programs that can be implemented for all math topics. 
Comments on the questionnaire 
1. Too many questions. 
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2. Add questions about outcomes. 
3. O.K. ! 
4. Satisfactory. 
5. Add Geometer's Sketchpad in the technology use section. 
6. Double-negative items in section D make some questions difficult to answer. 
7. "Part D " some guessing. 
8. Good, easy to understand. 
9. Maybe more specific questions as to which classes use what type of technology. 
10. List classes taught and type of technology used each. 
11. Organization fine. 
12. I would suggest, a better introduction, perhaps explain the Standards. I'm familiar with them 
due to a graduate course. 
13. I only question page 4. I hesited some with my answers. 
14. Good, no problems with what the questions was asking. 
15. Demographic: I was expecting questions regarding what classes or level we taught with my 
combination math/special education background, my philosophy and approach sometimes are not 
the same as other traditional high schools teachers who teach the low level students. 
16. On page 6, question 7 is a bit like "Have you stopped beating your wife ? 
17. Part C, question 3: I didn't know if this include graphing utility programs, I think that it did, 
Green Globs might be not be the best example to use. 
18. Looks O.K. to me. 
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19. Sent it out in the summer when we are not working 18-20 hours day trying to teach, coach, etc. 
20. You asked nothing about whether school districts give teachers sufficient time for all that 
planing. The answer is oat. 
21. Were good questions. 
